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Difficult alignment problems 
easily solved with 
flexible shafts 





THE ADAPTABILITY of a flexible shaft to 
ilmost any operating position makes it 
an extremely useful means of correct- 
ing misalignment difficulties. 

In the application shown, for instance, 
a power drive flexible shaft is incorpo- 
rated into the drive of a gear pump. 
Its use here permits adjustment of the 
pump shaft drive pulley when it be- 
comes necessary to regulate the tension 
of the V-belt driving the pulley. 


How to pick the 
right flexible shaft 


ONE SURE WAY of getting the right flex- 
ible shaft for your needs is to rely on 
the advice of S.S.White engineers. 
Their long experience with the prob- 
lems involved will assure you of sound 
answers. They know which type shaft- 
ing will work best under your given set 
of conditions. It costs nothing to take 
advantage of this service. It will save 
you plenty of time and money. 













FLEXIBLE SHAFT 
IDEAS tor ENGINEERS 


One part does the work of many 
when you use a flexible shaft 


Design simplification is one of the reasons why 
it pays to use S.S.White “‘Metal Muscles’’® 


IT’s A DESIGNER’S AXIOM that simplifi- 
cation is one of the most effective ways 
of reducing product costs. By so doing, 
you save weight, you eliminate a 
number of unnecessary parts and you 
reduce assembly time and costs. 


Eliminating Parts 

When it’s a question of transmitting 
rotary power or providing remote con- 
trol, especially where turns or align- 
ment are involved, an S.S. White flex- 
ible shaft is an efficient cost-saving 
solution. The illustration below demon- 
strates why this is so. 
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One flexible shaft is all it takes to do 
a job that might otherwise require an 
entire system of bevel gears, straight 
shafts, universals, etc. Added to this 
is the fact that installation is greatly 
simplified and alignment problems are 
eliminated. 





90% Cost Reduction 
Actual cost figures on a control set-up 
for a large dual hydraulic power sys- 
tem dramatize how effectively flexible 
shaft simplification can cut costs. 


In this case, 35 parts including univer- 
sal rods and bevel geared elbows were 
being used to transmit control from 
two handwheels to a motor control unit 
and thence to two hydraulic motors. 


Without any necessity of redesigning 
the equipment, 4 standard S.S.White 
flexible shafts were used in place of the 
original control system. The result was 
a 90% savings — and, incidentally, 
100% improved performance. 


What About Your Application? 


Perhaps your own designs cannot rea- 
lize benefits as outstanding as this. But 
the chances are good indeed, that, if 
you are not now using them, you’ll be 
able to handle many remvte control and 
power drive applications better and at 
less cost with an §S.S.White flexible 
shaft. 





USEFUL FLEXIBLE SHAFT DATA 
Bulletin 5601 has con- 


cise information on 
how to select and 
apply flexible shafts. 





Send for a copy. 
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S.S. WHITE INDUSTRIAL DIVISION, DEPT. 4,10 EAST 40th ST., NEW YORK 16, N.Y: 
Western Office: 1839 West Pico Bivd., Los Angeles 6, Calif. 
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Why Bodine motors 
were selected 
for Ampex 


Tape Recorders 


























This is a new portable 28-pound Ampex 600 
professional tape recorder. It is ideal for broad- 
cast studios and music schools. 


BODINE MANUFACTURES 
FRACTIONAL HORSEPOWER 
ELECTRIC MOTORS FOR: 





odding machines 
letter openers 
sanders 
vending machines 
exhoust fans 
duplicating machines 
portable tools 


sound recorders 








air conditioners 



























n Studio engineers use the Ampex 600 for broad- The frequency response of the Ampex 600 is check protectors 
t cast recording, line recording, dubbing and 40 to 15,000 cps; signal-to-noise ratio is over 
editing, and broadcast playback. 55 db.; flutter and wow under 0.25%. respirators 
g voltage regulators 
te x-ray timers 
he traffic signal timers 
1s 
y, Stirrers 
calculating machines 
envelope sealers 
sae diesel governors 
a . .. and for many other 
be applications. 
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Supplying power for the capstan drive, plus 
take-up and rewind operations, is a Bodine 
Type KYC-41, capacitor, synchronous motor 





"Bodine motors have proven 
themselves over a period of 
years to be excellent as to 
both reliability and perforr 
ance. Bodine's quality of 
workmanship provides us with 
smooth running, trouble-free 
motors whose torque charac— 
teristics are uniform fron 
motor to motor." 




















Mr. Leslie relates why Bodine motors were 
selected to meet his company’s very exacting 
requirements...see above. 


N.Y. 
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Meet Mr. John Leslie, Chief Engineer, Audio 
Division, Ampex Corp., Redwood City, Calif., 
manufacturers of Ampex tape recorders. 
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50th Anniversary 


BODINE 
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Be sure your motor is as good as your product. 
For information contact Bodine Electric Co., 
2258 West Ohio Street, Chicago, Illinois, 
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Ask for a sample copy of 
‘The Motorgram,” a 
bi-monthly publication 
discussing application and 
design of fractional horse- 


power electric motors. 


FOR HEAVY-OUTY TRUCK SHIFT LEVER 


FOR HYDRAULIC CYLINDER ROD 


FOR WAY WIPER FOR UNIVERSAL COUPLING 


THESE, TOO, ARE COMBAT BOOTS 


They fight a variety of tough conditions—enough to kill 

the life in almost any leather. But Sirvis boots keep right 

on working and protecting. They’re famous for it, and For detailed information, write for your 
‘ a ‘ , copy of our brochure on C/R Sirvis 

here’s why. Sirvis mechanical boots are engineered to the Mechanical Leather Products. 

most exacting specifications for lubricant retention and 

exclusion of all dirt, dust and foreign matter. They are 

made from our own specially selected, tanned and treated 

Sirvis leathers to assure absolute dependability under the 

most adverse operating conditions. We also manufacture 

boots of-canvas, nylon and specially formulated elastomer- 

impregnated fabrics. Whenever your mechanical seal 

problem involves reciprocating, eccentric or universal SIRVIS DIVISION 

action, let Sirvis engineers solve it. Don’t forget C/R has 

been at this for 77 years. They know how. Write for 


detailed information. a Hw I ow. \ G oO 
RAWHIDE 


CHICAGO RAWHIDE MANUFACTURING COMPANY 
1221 Elston Avenue + Chicago 22, Illinois 
ania OTHER C/R PRODUCTS 
Ottices in 55 principal cities. See your telepnone book. C/R Shaft & End Face Seals « Sirvene (synthetic rubber) 
in Canada: Distributed by Super Oil Seal Mfg. Co., molded pliable parts « C/R Non-metallic Gears 
Ltd., Hamilton, Ontario 


Export Sales: Geon International Corp., Great Neck, New York 
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© COMPANY, INC. 


Laminated 
Shims of | 


STAINLESS STEEL 


Only in LAMINUM® can you get the unique qualities of 

stainless steel combined with the advantages of 

surface-bonded laminated shims. 

Material is tough, corrosion-resistant Type 302 Stainless Steel 

(min. 95,000 psi). Laminations are either 0.002” or 

0.003”, and they simply p-e-e-] for time-saving adjustment to 

give you a “thousandth” fit right at the job. No machining. No grinding. 
No miking. And no dirt between layers! 


Stainless Steel LAMINUM® Shims are custom-cut to any 
shape from any of our standard thicknesses; 
write for stainless steel specifications. 


Send us your blueprints and quantity requirements 
for a quotation; there’s no obligation. 


SHIM HEADQUARTERS SINCE 1913 


1202 UNION STREET, GLENBROOK, CONNECTICUT 





—ITEM 156— 
For More Information Circle Item Number on Yellow Card—page 19 MACHINE DESIGN 

















XUM 








Dime-Size Transistor 
Increases Frequency Range 


Performance Credited To 
Fabrication Technique 


New YorK — Unsurpassed per- 
formance at very high frequencies 
is claimed for a new transistor de- 
veloped by the Bell Telephone Lab- 
oratories. The new transistor is 
expected to be used in many ap- 
plications where transistors previ- 
ously have been unsuitable. 

Performance of transistors is 
measured in two principal ways. 
One is the number of oscillations 
or self-generated electrical pulses 
per second. The second is the num- 
ber of voice or communication 
channels that can be amplified. In 
the latter category, Bell scientists 
report the new transistor un- 
equaled. Experimental units of the 
new transistor have amplified cur- 
rents across a 20,000,000 cycle 
wide band by 100 to 1. 

Success of the new transistor is 
reported due to new fabricating 
techniques which control chemical 
layers as thin as 50 millionths of 
an inch. The new techniques em- 
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the Convair F-102A all-weather jet interceptor. 
are frames from film which record events during tests 
Under rocket thrust, sled 


of pilot ejection apparatus. 
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Silicon and germanium laboratory models of a new transistor announced by 
Bell Telephone Laboratories. Compared for size with U. S. dime, silicon 
transistor with brass cap is at left and germanium transistor is at right 


ploy the chemical process of dif- 
fusion by which minute amounts 
of impurities are introduced in con- 
trolled amounts into a material. 
The transistor consists of a 
three-layer chemical “sandwich.” 
The center layer is known as the 
“base.”” The other two are the 
emitter and collector layers. The 


These 


A six-foot 200-lb an 
dummy made of rubber and metal registers the effects 
that half-second ejection would have on human pilots 


than 750 mph. 


narrower the base layer can be 
made, the higher the frequency at 
which it will operate. Diffusion 
provides control of these micro- 
scopic dimensions. 

In practical application of transis- 
tors, a basic consideration is ‘‘fre- 
quency cut off.” This is the fre- 
quency point up to which there is 





streaks down 10,000 feet of track attaining speeds more 


ropomorphic 
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WORLD’S LARGEST SHOVEL, called ‘Mountaineer’, has been com- 
pleted recently by Marion Power Shovel Co. for Hanna Coal Co. To be 
used in strip mining, Mountaineer will remove earth to average depth of 
90 ft. Bucket capacity is 60 cu yd, enough to fill a room 10 x 20 x 8 fet. 
Dipper handle is 92 ft long, boom is 150 ft., and overall shovel height is 
160 ft. Shovel moves on eight crawlers each bigger than an ordinary auto. 
Three-passenger elevator operates inside 6-ft diameter center pin. Sixteen 
electric motors supply 12,000 hp to operate the shovel. Motors include the 
largest mill-type, both horizontal and vertical, ever made in this country 














straight, full amplification of a 
signal and after which the signal 
is amplified with steadily diminish- 
ing strength. The new transistors 
have been found to reach a cut off 
between 500 and 600 megacycles. 


For “distinguished engineering 
achievement” Columbia University 
has named Felix E. Wormser, As- 
sistant Secretary of the Interior, 
to receive the Egleston Medal for 
1956. Mr. Wormser had been a 
vice president of the St. Joseph 
Lead Co. and president of the Lead 
Industries Assn. prior to his ap- 
pointment to the Department of 
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Interior. The Egleston Medal was 
first presented in 1939 to honor 
Thomas Egleston, who founded the 
first school of mines in the United 
States at Columbia in 1864. 


Edward Longstreth Medal of the 
Franklin Institute of Philadelphia 
has been awarded to Richard Y. 
Case, chief engineer, power trans- 
mission department, United States 
Rubber Co., for inventing the tim- 
ing belt, considered the most out- 
standing advance in power trans- 
mission during the past 50 years. 
The medal is awarded for “inven- 
tions of high order and for par- 
ticularly meritorious improvements 


and developments in machines and 
mechanical processes.” 


Transistor Radio Pager 
Makes Personal Calls 


CuiIcaGo — Individual paging of 
personnel is now possible with a 
new pocket radio paging system 
announced by Motorola. 

Claimed the first of its kind, the 
new Handie-Talkie low-frequency 
system consists of a_ selector 
console with individual buttons 
for key personnel, an FM trans- 
mitter that radiates alerting tones 
and voice messages within a con- 
fined induction loop area, and the 


individual transistor radio _re- 
ceivers themselves. 
The portable receiver itself 


weighs 10 oz and is slightly larger 
than a pack of king-size cigarettes. 
The unit can be clipped in a pocket 
or worn on a belt, and is powered 
by a 4-volt mercury-cell battery. 
Its FM reception is immune to 
common types of interference gen- 
erated by X-ray, diathermy and 
other noise-generating equipment 








Front Cover 


Three basic hydraulic mechanisms— 
@ pump, valve and cylinder—make 
up a stylized hydraulic system on this 
issue's cover by George Farnsworth. 
These and other types of hydraulic 
components are discussed in the ar- 
ticle by W. T. Stephens on which the 
cover is based. 
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Here's GREATER POWER ior you 


1aMORE COMPACT DESIGN 


















FEATURES YOU WILL LIKE: 


e Greater power from a more ¢ Automatic compensation for 


compact design. rod packing wear. 
e Resistance to corrosion * Built-in piston rod scraper 
throughout. » . _ to prevent dirt and abrasives 
© Positive sealing with minimum from scoring rod or damaging 
friction loss. packings. 


¢ Materials selected for strength, 


durability andlong cylinder life. * Adivstable cushions of unique 


e Interchangeable heads and design. 
mountings. e Wide choice of operating pres- 
e Conformation to J.1.C. sures; Air to 250 psi; 
Standards. hydraulic to 750 psi. 





HANNA 


CYLINDERS 












@ You'll find some unique and very interesting operating 
features in these new Hanna T750 Series Fluid Power 
Cylinders . . . features that will help you solve many of your 
cylinder application problems more easily and more simply. 
The new Hanna T750 Series comes in a range of capacities, 
sizes and mounting styles—for air operation up to 250 psi 
and hydraulic operation up to 750 psi. 

For details, ask your Hanna Representative (see your clas- 
sified telephone directory), or write today for a copy of the 
new T750 Fluid Power Cylinder Catalog. No obligation. 






NEW CATALOG 
Write for Catalog 
750A—it gives 
complete details. 












SS, 
Hanna Engineering Works (#£) 
— 





1751 Elston Avenue, Chicago 22, Illinois 
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LANDING-CRAFT RETRIEVER is this vehicle recently developed for 

the Army Transportation Corps by R. G. LeTourneau Inc. Self-propelled, 

it operates in water 8 ft deep and can lift any craft up to 67 tons. Re- 

triever is 75 ft long, 38 ft wide, 22 ft high. Wheels are driven individually 

by totally enclosed, waterproof, electric motors. Tubeless tires are 10 ft 
high, 4 ft wide. Eight floodlights illuminate night operations 





which may be found in a hospital 
or industrial plant. Battery life is 
approximately four 40-hour weeks. 
Up to several hundred persons per 
system can be paged individually. 


New Plastic Light Diffusers 
Are Color-Fast 


Material In The Plastic 
Absorbs Ultra-Violet 


SHEFFIELD, Mass. — Diffusers for 
fluorescent lights made of a new 
polystyrene plastic which has high 
light stability have been announced 
by Sheffield Plastics Inc. Acceler- 
ated aging tests of the shields have 


shown they will retain their initial 
color even after use for 60,000 
lighting hours. 

Designated UVR grade, the new 
diffusers obtain their stability 
through a special ultraviolet light 
absorbing material which has been 
permanently combined with the 
plastic on the side nearest the light 
source. New extrusion techniques 
have been developed to make this 
possible. 

The process concentrates the ul- 
traviolet absorbing material on the 
exposed side of the shield, thereby 
providing the shield maximum pro- 
tection against discoloration caused 
by ultraviolet radiation emitted by 
fluorescent lights. Light stability of 
the new shields is achieved with- 

















1956 CORVETTE is this newest model of the Chevrolet specialty 

car. It features a restyled plastic body, a power-operated fabric top, 

choice of two transmissions and transistor radio. Alternate to the 

fabric top is removable solid top, made like the body panels. The 

engine is a V8—rated 225 hp at 5200 rpm and 270-lb ft torque 
at 3600 rpm. Compression ratio is 9.25 to 1 











Topics 


Automatic bed recently intro- 
duced converts from a sofa into 
a bed at the touch of a button. 
Completely safe, the bed will blow 
a fuse if the button is pushed 
while an occupant is in it. So 
will the occupant, no doubt. 


a Y * 
Special sports car abbreviations 
used by the Baltimore Local of 
the Motor Sports Car Assn. in- 
clude things like this: RPM—Re- 
pairs Per Month; MPH—Monthly 
Payments Heavy; FOB—Prices in 
French or British currency. 
. . * 
Bigger bumpers are what city 
drivers want, according to a sur- 
vey made by General Motors at 


their recent Motorama in New 
York. 
° e * 
Volkswagen has abandoned 


plans to produce their small car 
in U. S. High production costs 
are said to have caused the 
change in plans. 


e cf . 
Light amplifier capable of am- 
plifying light up to 50,000 times 
is being produced commercially by 
Bendix Aviation. It will make 
possible X-ray inspection of en- 
gines in operation or detailed pho- 
tographs of the canals on Mars. 
Ultimate goal of the engineers is 
an X-ray photograph of an en- 
gine in operation on a canal on 

Mars. 

7 . * 
been 
to membership in 
) the Society of the 
Plastics Industry. 
Through association 
with SPI, MD expects to increase 

coverage of the plastics field. 


We've elected 
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Speeds up to 10,000 mph will be 
studied by Brooklyn Polytech stu- 
dents in a recently completed aero- 
dynamics laboratory. 
* * m 
Soft riding trucks will incor- 
porate air suspension, now installed 
in busses. A road shock damper 
attached to the front wheels will 
also contribute to making the 
driver’s life easier. These develop- 
ments, announced by General Mo- 
tors, are expected to improve 
safety by reducing driver fatigue. 
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Unitool*. .. a fast, easy, low-cost way 
to produce prototype bevel gears! 


Now you can produce small quantities 
of spiral bevel, Zerol® bevel and hypoid 
gears with a comparatively small capital 
outlay and without specially trained per- 
sonnel. 

You can reduce the time and expense 
it takes to change your angular drive from 
a drawing board idea to a working model, 
too, because the Unitool Method produces 
good quality gears directly from the 
initial calculations. 

The Unitool Method is based on a fun- 
damentally different theoretical approach 
to bevel gear generation. Only six different 
cutters are required to cut gears up to 18” 


pitch diameter—spiral bevel and Zerol 
bevel pairs of any ratio; hypoid pairs 3:1 
ratio and higher. Because these cutters 
have a wide overlap in range, cutter diam- 
eter is not critical. 

Calculations are short enough and easy 
enough for you to do in your own plant. 
Correct tooth thickness and position of 
contact are easily determined without re- 
quiring special operator training. 

The Unitool Method is designed espe- 
cially for the Gleason No. 106 and No. 116 
Hypoid Generators which feature in- 
creased universal cutter tilt. 


*Trademark 


GLEASON WORKS 


Builders of bevel gear machinery for over 90 years 


1000 UNIVERSITY AVE., ROCHESTER 3, N. Y. 


We will be glad to send further informa- 
tion on the Unitool Method and the two 
Gleason Generators best suited for it at 
your request. 


The Gleason No. 106 Hypoid Generator is a 
high-speed machine for spiral bevel, Zerol bevel 
and hypoid gears up to 81%" pitch diameter. Its 
larger counterpart, the No. 116 Hypoid Genera- 
tor, handles the same type gears up to 18” pitch 
diameter. 
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out sacrifice of the initial color, 
light transmission, toughness or 
satin-smooth finish characteristics 
of regular shields. 

Sheffield research leading to the 
new product disclosed that the dis- 
coloration of polystyrene plastic 
results from exposure to ultra- 
violet light, although relatively 
small amounts are transmitted 
through the glass envelope of 
fluorescent tubes. The ultraviolet 
reacts photo-chemically with the 
polystyrene material to cause dis- 
coloration. 

Sheffield says the new material 
overcomes one of the biggest prob- 
lems in the use of plastic fluores- 
cent light shields. 


Device Fights Fires 
Where Men Can't 


Mechanical Fireman Operates 
On Water Pressure 


BreEA, CALIF.— Fire departments 
have witnessed recent demonstra- 
tions of a new fire monitor that 
features ease of operation and 
versatility of service. The device 
is manufactured by Chiksan Co. 
and named the Intelli-Giant. 
Through a 2% in. tip, it dis- 
charges a stream of water at 2000 
gpm to an effective range of 300 
ft. Pressure range is 30 to 300 psi. 

Intelli-Giant covers a horizontal 
pattern of 270 degrees and ite: ver- 
tical motion is 120 degrees. It is 
operated by hydraulic pistons with 
power from diverted water pres- 
sure. 

The new monitor can be op- 
erated manually with pistons re- 
moved and can handle foam and 
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CROSS-COUNTRY FREIGHT TRAIN is this eight-car unit developed 
by R. G. LeTourneau Inc. Similar vehicles were delivered recently to 
Army Transportation Corps. All wheels on every car are driven individu- 
ally by electric motors. Tires are 10 ft tall, 4 ft wide, have as little as 5 psi 
pressure. Steering mechanisms assure all cars make turns at the same spot. 
The train is claimed to be a better hill-climber than an ordinary automobile 





chemicals. A 270-degree tube turn 
that constitutes the barrel serves 
to balance the device. Hydraulic 
controls may be removed to a safe 
distance from a fire for remote 
operation. 


“Design for Profit” is the theme 
for the 13th annual Machine De- 
sign Conference scheduled at the 
Cleveland Engineering Society on 
March 5, 1956. All-day sessions 
will embrace seven areas of in- 
terest. Subjects to be covered by 
nationally known authorities in- 
clude: New materials, design for 
appearance, design for cost reduc- 
tion in manufacturing, design prob- 
lem solving, design and simplified 


drafting, design for production, 


and design for humans. 


Mini-Mike is a new low-cost, 
miniature, dynamic, speaker-micro- 
phone produced by Telex, Inc., 
manufacturers of hearing aids. 

The compact unit, which weighs 
only 114% oz, is housed in a steel 
and plastic case. It can be mount- 
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Another ‘‘'NEW DEPARTURE”’! 


Pocket-size calculator 
calculated to cut costs! 


Prices at your finger tips for over 100,000 different bearings! This 
“new departure”’ in the bearing industry lists basic engineering 
data, simplifies ball bearing selection, helps engineers figure 
design costs. 

Instant information is available oan New Departure’s complete 
line of standard industrial bearings . . . and most important, the 
calculator cuts costs for buyers by spotlighting savings with 
low-cost, high-volume standardized ball bearings. 
Ask your New Departure sales office about it . . . it’s another 
New Departure “‘first’’ in ball bearings! 


NEW DEPARTURE @ DIVISION OF GENERAL 


MOTORS e BRISTOL, CONN. 
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ed in the microphone housing of 
dictating machines, portable trans- 
ceivers and other electronic equip- 
ment requiring transmitting-receiv- 
ing units. A miniature transformer 
designed to match the microphone 
to the grid circuit can be mounted 
externally. Dimensions of the unit 
are 1x1x % in. 

Sensitivity of the microphone 
with transformer is 52 db below 
1 volt per dyne per sq cm of 
sound pressure. As a speaker, the 
unit will deliver 120 db with 10 
milliwatts of power input. Nom- 
inal impedance is 10 ohms. 


Vehicle Tire Is 
Fuel Storage Tank 











r, O. rat lon-shaped ' ‘ ‘ , 8 
Cee, Sr SNe pe GRASSHOPPER is the name of this automatic weather station built 
rubber tank has been developed by : ~~?" 

he Aviation Products Div. of Good for the Navy to use in the South Pole expedition Deepfreeze. Dropped 
. ee ee by parachute, Grasshopper sets itself up as shown. It measures five 
year Tire & Rubber Co. Called the items of information and transmits readings every six hours to a radius 


of 800 miles. It can operate for 60 days without service and at tem- 
peratures as low as — 50 F 


tolli-Tanker, the container can be ally-shaped tires of nylon cord and 


rolled over ground, floated in wa- tread stock construction with fuel- 
ter, and dropped 15 ft fully loaded, proof inner lining. They can be 
without bursting. built in a range of sizes. To date, 

Rolli-Tankers are unconvention- Goodyear has tested 3% x 5 ft 





tanks that weigh 40 pounds de- 
flated and have a 250-gallon ca- 
pacity. 

Mounted on hubs and axles to 
permit easy handling, Rolli-Tank- 
ers may be towed manually or by 
vehicle. Unit ground pressure is 
very low and drawbar pull is 30 Ib. 


World’s most powerful warship, 
the new U. S. carrier Saratoga 
has been floated from its construc- 
tion drydock. The 60,000-ton ves- 
sel was towed to a fitting pier. 
Commissioning is scheduled April 
14. Although a sister to the For- 
restal, the Saratoga earns the su- 
perlative because its steam tur- 
bines deliver more than the For- 


DON’T CALL IT A DREAMBOAT says Evinrude Motors who en- restal’s 230,000 hp. 
aged designer Brooks Stevens to create this luxury craft. It’s right " ‘ 
at is lam It has bucket-type seats with nite tele for pilot a Dangerous overheating in ee 
passenger. Pilot also has speedometer and control switches in easy chines can now be detected by a 
reach. Stern extensions carry ski tow lines. Evinrude won't sell the device which releases a strong, 
boat, just the motor. That's called Lark too distinctive odor and dense smoke. 
Humphrey-Wilkinson Inc., chem- 
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Colson cures 
barrel-truck fatigue with 


STRONGER BACKBONE FROM OSTUCO 





First experimental models of Colson Corpora- 
tion’s barrel and drum handling truck strained, 
twisted and snapped under loads below their 
intended 1,000 pound capacity. Failures in- 
creased when the Elyria, Ohio, manufacturer 
' tested trucks with heavy loads over rough 
surfaces. 


Tracing trouble to the “Backbone” (the truck’s 
main structural member), Colson and OsTUCO 
engineers got together, came up with a 114” 
square formed seamless tube to solve the 
fatigue problem. Since 1947, the redesigned 
drum handling truck has been serving Colson 
customers, handling loads up to. . . and above 
... its capacity. Successful? Colson has yet to 
hear of one failure. 



















——— 








a 


Unique Single-Source Service at OsTUCO eliminates 


interplant shipment and error . . . another reason OHIO SEAMLESS TUBE DIVISION 
why your product can be improved when components of Copperweld Steel Company « SHELBY, OHIO 
are made from ? Birthplace of the Seamless Steel Tube Industry in America 
SALES OFFICES: BIRMINGHAM * CHARLOTTE * CHICAGO (Ock Pork) 


CLEVELAND © DAYTON * DENVER * DETROIT (Ferndale) 
HOUSTON ® LOS ANGELES (Beverly Hills) * MOLINE 









OsTUCO NEW YORK © NORTH KANSAS CITY © PHILADELPHIA 
posh dadigeh ne PITTSBURGH * RICHMOND * ROCHESTER * ST. LOUIS 
ST. PAUL © SALT LAKE CITY © SEATTLE * TULSA * WICHITA 
SEAMLESS AND ELECTRIC WELDED STEEL TUBING CANADA, RAILWAY & POWER ENGR. CORP., 7 on 
aa seati F EXPORT: COPPERWELD STEEL INTERNATIONAL COMPA 
Febricating and Forging 117 Liberty Street, New York 6, New York ~ 
—ITEM 160— 
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COOPER ALLOY 4 


CORPORATION 


BRIEFS 


@ Edited by GEORGE BLACK 





AKH #3 NOW AVAILABLE 


How to maintain close dimensional 
accuracy, fine interior and exterior 
finish and uniform soundness in the 
casting of a 1'4 lb. stainless steel 
instrument housing is told in the 
latest case history in the Cooper 
Alloy Advanced Know-How series. 
Ask for AKH #3 and get the full 
story on the use of shell mold and 
shell cores in the production of one 
of those ‘‘impossible”’ castings. 


BUNA N FITTINGS 


Vanton’s line of Buna N and natural 
hard rubber fittings is described in a 
newly revised four-page condensed 
catalog. Diagrams, dimensions, and 
application data are included. Ask 
for Bulletin BN. 


INQUIRIES AT ALL TIME HIGH 


The demand for technical literature 
of value is on the increase. Our libra- 
rian reports more than 20,000 indi- 
vidual pieces of literature requested 
during the past twelve months, and 
we’re glad to know that we are serv- 
ing the needs of so many plant operat- 
ing and purchasing people. For a 
quick glance at the most recent 
publications available on request, 
write for Technical Literature Folder 
TL56. 


OUR FACE IS STILL RED 
We're still apologizing to the many 


| 


people who have requested our) 


deluxe stainless steel valve and fitting | 


catalog. The demand not only exceed- | 
ed our supply but our ability to | 
process them as well. Even with daily | 


overtime and Saturday work we still 
haven’t caught up with requests. . . 
so please forgive us if you’re one of 
those on the waiting line. 


Ss 


—o-2-)] 1 3 a ee.) 4 
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FIRST TO USE COMPRESSED AIR is claimed for this tractor made by 
David Brown Tractors Ltd., England. Powered by a two-cylinder air-cooled 
diesel engine, the tractor can be fitted with a plow, a cutter bar, or other 
row crop implements all of which are raised or lowered with compressed air 





ical manufacturers of North 
Haven, Conn., have developed a 
“Heat Warner” which signals 


whenever the temperature of 
equipment rises dangerously. It 
is now in use protecting railroads 
against “hot boxes.” Requiring 
no maintenance the Heat Warner 
can be set to operate at tempera- 
tures from 137 to 450 F. 


Aero Sciences Institute 
Elects Honor Members 


Others Chosen for 
Service Awards 


New York—The Institute of the 
Aeronautical Sciences has an- 
nounced the election of two honor- 
ary fellows and ten fellow mem- 
bers for the year 1955. The late 
Ralph S. Damon, former president 
Trans World Airlines, was named 
the American honorary fellow for 
1955. Foreign honorary fellow is 
Peter G. Masefield, managing di- 
rector of Bristol Aircraft Ltd., 
Bristol, England. 

Named fellows of the Institute 
for 1955 are the following: William 
B. Bergen, executive vice president, 
Glenn L. Martin Co.; Lars Brising, 
vice president for aeronautical en- 
gineering, Saab Aircraft Company, 


Sweden; Victor E. Carbonara, presi- 
dent, Kollsman Instrument Corp.; 
Harold Luskin, assistant chief of 
aerodynamics, Douglas Aircraft 
Co.; Dr. Gordon N. Patterson, di- 
rector of the Institute of Aero- 
physics, University of Toronto, 
Canada; Kendall Perkins, vice pres- 
ident for engineering, McDonnell 
Aircraft Corp.; Raymond H. Rice, 
vice president and chief engineer, 
North American Aviation, Inc.; 
Lewis A. Rodert, assistant to the 
chief of research, Lewis Flight Pro- 
pusion Lab., NACA; Rear Adm. 
James S. Russell, chief of the Bu- 
reau of Aeronautics, USN; Profes- 
sor Hermann Schlichting, Techni- 
cal University of Braunschweig, 
Germany. 

Fellows of the Institute are chos- 
en on the basis of having “attained 
a position of distinction in aero- 
nautics and made notable and valu- 
able contributions in one of the 
aeronautical sciences or aeronauti- 
cal engineering.” Honorary fellows 
must be “persons of eminence in 
aeronautics.” 

To receive its Robert M. Losey 
Award for 1955, the Institute has 
chosen Lt. Col. Robert C. Bund- 
gaard, USAF. Col. Bundgaard, who 
has been in charge of Project Black 
Sheep for the past three years, is 
chief of the Evaluation and Devel- 
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opment Branch, Directorate of Sci- 
entific Services, Headquarters, Air 
Weather Service, USAF. The award 
has been given annually since 1940 
“in recognition of outstanding con- 
tributions to the science of meteor- 
ology as applied to aeronautics.” 

Winner of the Lawrence Sperry 
Award for 1955 is Giles J. Strick- 
roth, manager of the Electronics 
Department of the Glenn L. Mar- 
tin Co., Baltimore. He was cited 
for “contributions to the develop- 








FASTEST STOP WATCH is 
this electronic tube developed 
at Westinghouse for research 
in nuclear -— It is said 


capable of timing atomic 
events down to less than one 
billionth of a second 





ment of the guidance system for 
the Martin Matador, the first and 
only tactical ground-to-ground mis- 
sile to be put into operational use 
by the U. S. Air Force.” 


JOT NAME, TITLE AND ADDRESS IN THIS SPACE 
TO START YOUR FREE “NELWELDER® SUBSCRIPTION 


The rest of the cover girl 
appears on the March 
NELWELDER, industry’s 
magazine of stud welding. 














The Sylvanus Albert Reed Award 


| another way of saying... STUD WELDING 
for 1955 has been presented to H. | IMPROVES EXTERIOR DESIGN 
ulian en, chief o e high- | 


speed research division of Ames | A ee ee 
Aeronautical Laboratory, Moffett 
Field, Calif. Mr. Allen was cited 
for “contributions and leadership in 
solving problems in the design of 
supersonic airplanes and missiles, 
especially the thermal problems at 
hypersonic speeds.” 

The Institute presented the John 
Jeffries Award for 1955 to Capt. 
Wilbur E. Kellum, USN, command- LORAIN OHIO 
er of the Naval Medical Research 


(Continued on Page 22) 


many a rough exterior Dy emp! 
‘alale) Zehilelas, 
Thala helm ole) bmmalstele) 
nano anal ny 
s aaver 


NELWELDER 


NELSON STUD WELDING 
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This rather unusual application of a Shaft Seal neatly solves 
a problem which could otherwise plague a heavy duty trac- 
tor operator a good deal—causing the manufacturer plenty 
of headaches both in maintenance and sales acceptance. 


While the tractor is in use (for example, when ditching) the 
handle of the flow valve is constantly being turned through 
a 90° arc to start or stop the hydraulic flow. The require- 
ments for the Seal, therefore, are to combine positive pro- 
tection against loss of hydraulic fluid, and the very minimum 
of friction, to permit easy, sure operation. The special 
ROTARY SEAL illustrated was developed through critical 








mechanical 
seals 


rotatin 


shafts 


Shaft-Sealing with Certainty 


2022 NORTH 
CHICAGO 


is developing new ways to assure top performance in a 
TRACTOR HYDRAULIC DIRECTIONAL FLOW VALVE 


material selection and surface finishing techniques; it is 
serving efficiently on the job. 


You can't reach back on the shelf for a Shaft Sea! when your 
tractor—or your pump, compressor, or whatever your unit 
may be—must measure up to unusual or especially taxing 
job requirements. It takes a custom-designed Seal—fitted in 
every detail to the specific job at hand. ROTARY SEAL 
specializes in developing and manufacturing Seals to meet 
such problems, by applying the basic ROTARY SEAL prin- 
ciples which opened the way to successful mechanical Shaft 
Sealing when this company introduced them years ago. 


Major assignments for important Seal developments are 
keeping us mighty busy at present; but if special difficulties 
are besetting your development programs, and produc- 
tion quantities of Seals are involved, we'll be glad to 
help if we can. 


LARRABEE STREET 


14, ILLINOTUIS, U.S.A. 
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Editorial and Advertising content classified by subject and listed by page num- 


ber for convenience when studying specific design problems. 


For further 


information on subjects advertised, circle Item Numbers (shown in_ italics) 


on a Yellow Card—following page. 





Actuator, linear, Edit. 156 
Adhesives, Adv. 71-205 
Aluminum and alloys, Adv. 84-217, 147 


Bearings, ball, Edit. 127; Adv. 11-159, 
21-164, 70-204, 74-207, 175-247 
miniature, Adv. 74-207 
rod-end, Adv. 185-256, 204-277 
roller, Adv. 21-164, 70-204, 141-219, 
166-239, 197-271, backcover-154 
sleeve, Adv. 35-177, 204-277 


Bimetals, Adv. 24-167 


Blowers, Edit. 152; Adv. 31-173 
Books, Edit. 184; Adv. 204-278, 206 


Boots, mechanical, Adv. 2-155 
Brakes, Edit. 154 

Brass (see copper and alloys) 
Brazing, Edit. 116 

Bronze (see copper and alloys) 
Brush holders, Adv. 206-283, 209-291 


Carbides, cemented, Adv. 34-176 


Castings, die, Adv. 59-196, 62-198, 76-209 
investment, Adv. 148-223 
shell molded, Adv. 14-161 
steel, Adv. 181-253 


Chain, conveyor, Adv. 79-212, 153-227 
transmission, Adv. 79-212, 153-227, 
209-290 


Circle locations, Edit. 126 
Clamps, Adv. 207-285 
Classified ads. Adv. 27-170, 208 


Clothes dryer with moisture condenser, 
Edit. 122 


Clutches, Edit. 160; Adv. 28-171, 176- 
248, 188-259 


Coatings (see finishes) 

Coatings, protective, Adv. 81-214 
Collars, shaft, Edit. 154 
Commutators, Adv. 209-291 
Compressors, Adv. 177-249 
Computers, Edit. 88 


Connectors, 
161-234 


electric, Edit. 154; Adv. 


Controls, automatic, Adv. 156-229, 174- 
246 
electric, Edit. 174; Adv. 37-179, 83- 
216, 149-224, 162-235 
mechanical, Edit. 154 


Copper and alloys, Adv. 50-188, 214-297 
Counters, Edit. 172; Adv. 196-270 


Couplings, shaft, Edit. 94, 152; Adv. 
179-251 


Cylinders, hydraulic, Adv. 7-157, 68-203 
pneumatic, Edit. 165; Adv. 7-157, 68- 
203 
pressurized, Edit. 135 


Domestic and commercial machines, 
Edit. 192 

Drafting equipment, Edit. 182; 
209-289, 213-295 


Drives, adjustable speed, Adv. 150-225, 
169-241, 172-244 


Adv. 


Electric equipment (see specific type) 


Engineering department (see Manage- 
ment or Drafting) 


Extrusion, Adv. 147 


Facilities, general, Adv. 13-160, 67-202 


Fasteners, bolts, nuts, screws, Edit. 154, 
158, 162; Adv. 46-185, 155-228, 165- 
238, 183-255, 203-276, 207-286 

clip, Adv. 208-287 
pin, Adv. 213-294 


Felt, Adv. 164-237 

Fiber, Adv. 39-180 

Filters, Edit. 178; Adv. 82-215, 146-222 
Finishes, protective, Adv. 77-210 

Fire fighter, remote controlled, Edit. 10 
Forging, Adv. 147, 163-236 

Friction in mechanisms, Edit. 123 


Gages, pressure, etc., (see Instruments) 
Gaskets, Adv. 201-274 


Gears, Edit. 103; Adv. 9-158, 80-213, 
190-262 


Generators, electric, Edit. 165; Adv. 


170-242 
Glass, Adv. 157-230 


Heaters, Adv. 30-172 


Hose, metallic, Adv. 178-250 
nonmetallic, Adv. 143-220 


Hydraulic equipment (see specific type) 


Inspection, Edit. 198 
Instruments, Edit. 177, 180, 181 


Jacks, worm gear, Adv. 180-252 


Limit stop, Edit. 174 
Lubricants, Adv. 208-288 


Machines (see specific type or process) 
Magnets, Adv. 34-176 


Magnesium and alloys, Edit. 137; Adv. 
194-266 


Magnets, Adv. 188-259 

Meetings, Edit. 22 

Metals (see specific type) 

Metals, Adv. 34-176, 50-188, 145-221 
Metalworking machines, Edit. 194 
Motor bases, Adv. 205-280 


Motors, electric: 
fractional and integral hp, Edit. 93, 
162, 168, 172; Adv. 1-154, 33-175, 
44-184, 47-186, 48-187, 52-190, 63- 
199, 72-206, 78-211, 170-242, 187- 

258, 213-296 
gearmotors, Adv. inside back cover- 


152 
Motors, hydraulic, Adv. 182-254 
pneumatic, Adv. 158-231 


Mounting, vibration and shock, Adv. 
53-191, 171-243 


Muffler, Edit. 152 
Nickel and alloys, Adv. 56-193 


Packings, Adv. 206-282 

Pipe, Adv. 40-181, 64-200, 189-260 

Plastics, Edit. 8, 95, 180; Adv. 39-180, 
159-232, 168-240, 195-268 

Pneumatic equipment (see specific type) 


MACHINE DESIGN is indexed in Industrial Arts and Engineering Index Service, both available in libraries, generally 
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SUBJECT INDEX (continued) 





Processing machines, Edit. 196 


Pumps, Edit. 168; Adv. 26-169, 194-267 
hydraulic, Adv. 182-254 


Radio paging system, Edit. 6 


Reducers, speed, Adv. 22-165, 36-178, 
198-272 


Regulators, air pressure, Adv. 25-168 
flow, Edit. 94 
pressure, Edit. 156, 170 


Relays, Adv. 37-179, 58-195 

Research and development, Edit. 142 
Rotor, external, Edit. 93 

Rubber, Adv. 14-161, 57-194, 202-275 
Rubber tire fuel tank, Edit. 12 


Seals, Edit. 202; Adv. 16-163, 206-282 
mechanical, Edit. 200; Adv. 210-292 


Shafts, flexible, Adv. inside front cover- 
151, 186-257 


Shapes, special, Adv. 190-262 
Shims, Adv. 4-156 

Silicones, Adv. 202-275 
Spindles, Adv. 212-293 


Springs, Adv. 51-189, 60-197, 160-233, 
192-264 


Sprockets, Adv. 153-227, 209-290 
Starters, motor, Adv: 32-174, 37-179, 54- 
192 


Steel, Adv. 40-181, 67-202, 163-236, 173- 
245 


Steel, stainless, Adv. 4-156, 14-161, 23- 
166, 40-181, 64-200, 189-260 


Stud welding, Adv. 15-162 


Switches, Edit. 156, 160, 202; Adv. 32- 
174, 43-183, 200-273, 204-279 


Swivel joints, Adv. 154 
Systems, hydraulic, Edit. 108; Adv. 75- 
208 


Testing, Edit. 142, 181, 198 


Timers, Adv. 37-179, 66-201, 174-246, 
190-261 


Titanium, Adv. 194-266 

Torque convertors, Adv. 193-265 
Transducer, pressure, Edit. 158 
Transformers, Edit. 152 


Transmissions, variable speed, Edit. 200; 
Adv. 169-241 


Transistors, Edit. 5 


Tubing, Edit. 180; Adv. 13-160, 40- 
181, 64-200, 151-226, 189-260 


Universal joints, Adv. 42-182 


Valves, Edit. 177; Adv. 86-218 
hydraulic, Edit. 152; Adv. 207-284 
pneumatic, Adv. 207-284 


Ways, machine, Adv. 205-281 
Welding, Adv. 191-263, 196-269 
Weldments, Adv. 67-202 

Wire and wire products, Adv. 160-233 
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CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise- 
ment carries an Item Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature items are 
also numbered, and for greater convenience are indexed below by Item 


Numbers. 


EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 


we'll be glad to send a personal copy of any article as long as the 


supply lasts. 


Just fill in the page number and title of article in the 


place provided on the Yellow Card. 








Index to New Parts & Helpful Literature 


BY ITEM NUMBERS 





HELPFUL LITERATURE—descriptions start on page 144 


ITEM 

NUMBER 

Metals Services .........200% 1 
Magnetic Clutches & Brakes... 2 
Friction Materials .......... 3 
Powder Metallurgy ......... 4 


Gear Couplings in Action .... 5 
Side Indicator Panel Meters .. 6 


Air-Line Lubricators ........ 7 
Magnetic Coolant Separator... 8 
Open Gear Lubricant ....... 9 
Batch Weighing Machines ... 10 
Elapsed Time Indicator ..... 11 
Company Story ............ 12 
Resistors & Controls ........ 13 
Stainless Heat Exchangers ... 14 
Graphic Engineering ........ 15 


NEW PARTS & ENGINEERING EQUIPMENT— descriptions stort on page 152 


ITEM 

NUMBER 

Subminiature Blower ....... 61 
Bem VEO ccccccccceces 62 
Flexible Coupling ........... 63 
Noise Attenuator ........... 64 
Power Transformer ......... 65 
Free-Running Locknut ...... 66 
Printed-Circuit Receptacle ... 67 
Twin-Lever Control .......... 68 
Rotary JOU ..ccccccccccccs 69 
GEES TOUTED cc cccvcciccoes 70 
Gees GHEE cctceeccscceece 71 
BAS BE cc ccccccctccces 72 
Linear Actuator ......ccccece 73 
Pressure Regulator .......... 74 
Pressure Transducer ......... 75 
Self-Locking Nut ............ 76 
BEE TEED Se ecccvcccoceses 77 
Automatic Clutch .......... . 78 
BR rere 79 


ITEM 

NUMBER 

Control & Indicating Switches 16 
Twice As Heavy As Steel ... 17 
Fluorocarbon Plastic Uses ... 18 


Brake for AC Motors ....... 19 
Plastic Pipe Fittings ....... 20 
Small Switches & Their Uses.. 21 
Industrial V-8 Engine ....... 22 
Shaded Pole Motors ........ 23 
Rubber Lattice Mountings ... 24 
Free-Machining Steel ....... 25 
Motors & Generators ........ 26 
Aluminum Hand Forgings ... 27 
Products of Plastics ........ 28 
Flexible Metal Hose Data .... 29 
Magnetic Conveyors ......... 30 


ITEM 

NUMBER 

BES TOE oc cccasscswcveeces 80 
Bip CHGS oc ccccccscceses 81 
ARGTREREE ccccccccecccesccss 82 
Fractional-Horsepower Motors 83 
Enclosed-Motor Pump ....... 84 
Pressure Reducing Valve ..... 85 
Hollow-Coil Pickup .......... 86 
Totally Enclosed Motors ..... 87 
Precision Limit Stop ........ 88 
Six-Circuit Control .......... 89 
POUR THUD cbidciscscsccccs 90 
Miniature Indicator .......... 91 
Stainless-Steel Filters ........ 92 
Reinforced Epoxy Tubing .... 93 
BOD oo cccecccsesecens 94 
Angle Measuring Instrument 95 
SUPE GRD ME nc ccccccccss 96 
Drafting Accessory .......... 97 


Perspective Drawing Grids ... 98 
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Double-Row Angular Contact Ball 


SS Bearings 47.000 x 56.500 x 6.500 


Here are the bearings that “‘couldn’t 
be built’’. . . as produced by Kaydon 


Ee menage 3 whe — — oye CROSS SECTION — The bearing that 
1ad been told they “couldnt be built. r at couldn't be built 


least that’s what he’d been told until he contacted 
KAYDON. What he required was a bearing 56%” in e_— 
diameter combining high capacity, and excep- a....5_. eg 
tional precision for concentricity and face runout 
that would fit in limited space. 
KAYDON designed a double-row angular contact 
ball bearing (see sketch at right). Actual tests 
have proved that the bearing fulfills every re- 
quirement. 
If your designs require bearings of exceptional 
capacity, close-tolerance precision and/or very 
thin section — it will pay you to contact KAYDON of 
Muskegon. KAYDON has a long-standing reputation 
for accomplishing the near impossible. 


BEARING 26.5000 


Just Out! Get your copy of the new KAYDON 
Reali-Slim thin bearing catalog No, 54. 


KAYDON Types of Standard and Special Bearings: 
Spherical Roller ¢ Taper Roller ¢ Ball Radial ¢ Ball Thrust 
©® Roller Radial ¢ Roller Thrust ¢ Bi-Angular Bearings 

ENGINEFERIN G CORP. 


MUSEKEEGCONeMICHIGCAN ret 


oe ee ee ee oe . AN D ROLLER BEARINGS 
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PERFECTION 


WORM GEAR 


SPEED REDUCERS 


available in 





COMPLETE SERIES 





Don’t go hunting around for Speed 
Reducers. Your nearest distributor 
has a complete series of Perfection 
Speed Reducers with ratios ranging 
from 5 to 1 to 60 to 1. Furnished 
with worm on top or bottom as 
desired. 


Shafts are mounted in Timken 
anti-friction roller bearings. 
Threads are precision ground and 
accurately mated with worm gear. 
Heavy rigid cast iron housings. . . 
integral worm and shaft. The close 
limits to which all parts are held, 
assure maximum load carrying 
capacity, and long trouble free 
service. 


Write for free 8 page Bulletin 
No. R-20 listing the complete 
Perfection Series. 


AMERICAN STOCK GEAR Division 


Perte USA 


ction Gear Company orvey, Ill 





Engineering News Roundup 





(Continued from Page 15) 
Institute at the National Naval 
Medical Center, Bethesda, Md. The 
award was given for “outstanding 
contributions to the advancement 
of aeronautics through medical re- 
search.” 

During the Honors Night Dinner 
when the awards were made, the 
Institute also installed its 1956 
president, Dr. Edward R. Sharp, 
director of the Lewis Flight Pro- 
pulsion Laboratory, NACA, and 
named Dr. William R. Sears, direc- 
tor of the Graduate School of Aero- 
nautical Engineering at Cornell 
University, as editor of its Journal. 


Easy assembly is the feature of 
a new case for electronic compo- 
nents. Developed by Industrial Ac- 






/ 
Be 
we 





in 
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cessories Inc., the case is made of 
neoprene, molded in two pieces and 
lined with phenolic resin. In the 
end of each piece is a compression 
eyelet crimped to the shell with 
holes through which the compo- 
nent’s leads are passed. After man- 
ual assembly, voids in the case are 
filled by drawing wax or oil 
through the eyelets, and sealing is 
completed by soldering the lead 
wires to the eyelets. 


New mercury cells are so de- 
signed that a number can be 
stacked to provide required volt- 
age in a variety of shapes. Design 
permits automation in the as- 
sembly of the cells in stacks. 

Made by P. R. Mallory & Co., 
the batteries are available in 
standard miniature sizes for 15, 
22.5, and 45 volts. Diameter of 
the unit cell is 0.490 in. and over- 
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all height is 0.280 in. When cells 
are nested, the net height of each 
is 0.210 in. 





Meetings 
AND EXPOSITIONS 


March 12-15— 

National Electrical Manufactur- 
ers Association. Midwinter Meet- 
ing to be held at the Edgewater 
Beach Hotel, Chicago, Ill. Addition- 
al information may be obtained 
from society headquarters, 155 
East 44th St., New York 17, N. Y. 


March 14-15— 

American Society of Mechanical 
Engineers. Engineering Manage- 
ment Conference to be held at Ho- 
tel Statler, St. Louis, Mo. Addition- 
al information may be obtained 
from society headquarters, 29 West 
39th St., New York, N. Y. 


March 14-16— 

American Society of Mechanical 
Engineers. Aviation Division Con- 
ference to be held at Hotel Statler, 
Los Angeles, Calif. Additional in- 
formation may be obtained from 
society headquarters, 29 West 39th 
St., New York, N. Y. 


March 18-21— 

American Society of Mechanical 
Engineers. Spring Meeting to be 
held at the Multnomah Hotel, Port- 
land Ore. Additional information 
may be obtained from society head- 
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NOTHING can equal Stainless Steel 


FOR CORROSION RESISTANCE The Norwich, N. Y plant of Norwich Pharmacal 


Company is a magnificent display of Stainless Steel. Shown here is a Stainless 
Steel filter, used to separate mother liquor from the solids of furoxone. Here, 
Stainless outlasts any other practical metal by two to one. 


No other design material can match Stainless Steel in its combina- 
tion of desirable properties: corrosion resistance, strength and 
hardness, beauty, cleanability and easy fabrication. When buying 
Stainless, remember that United States Steel offers the widest range 
of types, finishes and sizes available in the United States. 


USS STAINLESS STEEL 


SHEETS - STRIP - PLATES - BARS - BILLETS - PIPE - TUBES - WIRE - SPECIAL SECTIONS 


UN ITE OD 


UNITED STATES STEEL CORPORATION, PITTSBURGH + AMERICAN STEEL & WIRE DIVISION. CLEVELAND 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALABAMA «+ 


S TATES 


+ COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO + 


UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS «+ 


FOR EASY CLEANING. In this textile plant 
of W. J. Dickey & Sons, Inc., dyeing time 
and costs have been cut 50% with the use 
of Stainless Steel equipment. When colors 
are changed, tanks don’t have to be boiled 
out. With its smooth, dense surface, Stain- 
less can be cleaned easily and quickly. 


3 Pd 


FOR CONSUMER APPEAL. Now, just about 
every housewife knows what Stainless Steel 
is. When she sees the Stainless tub in this 
automatic laundry, made by Speed Queen 
Corp., Ripon, Wis., she knows that there 
is nothing to corrode. She knows, too, that 
the Stainless tub will stay bright and clean 
and will last forever. 


ST&EL 


NATIONAL TUBE DIVISION. PITTSBURGH 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 
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Winter shipment of perishables in refrigerator cars 
requires a dependable heating device to eliminate 
spoilage. The Preco Automatic Refrigerator Car 
Heater is now used by the thousands to insure pro- 
tection of such perishables as fruits and vegetables 
when shipped during freezing weather. 











This Preco heater burns methanol which eliminates 
poisonous fumes and is explosion proof. It burns on 
full flame for 50 hours with one tank of methanol and 
delivers a heat output of 6000 BTU’s per hour. 














How It Works—A central tube contains a spun-glass 

wick which draws up the methanol from the tank and 

is lighted at the top surface. in operation, the pilot 

B Fa light burns constantly, either on pilot or on full flame. 

A coil of Chace Thermostatic Bimetal (B) regulates 

the degree of combustion by controlling the amount of oxygen admitted 

to the wick, according to the temperature in the car. The bimetal coil, 

with one end fixed to the housing and the other to the shaft (C), reacts 

to temperature change by rotating the shaft with lever (D) attached, 

lifting or lowering the snuffer arm and plate (A) over the flame. Thus, 

the amount of oxygen available for combustion is varied to produce a 
greater or lesser degree of heat. 


Chace Thermostatic Bimetal is available in 29 types, in strip, coils 
or in complete elements made to your specifications. Write now for 
our free 36-page booklet, “Successful Applications of Thermostatic 
Bimetal,"’ containing valuable information for designers of thermally 
responsive devices. 


W. M. CHACE CO. 


Thermostalic Bimeltal 


1616 BEARD AVE., DETROIT 9, MICH. 
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News Roundup 





quarters, 29 West 39th St., New 
York, N. Y. 


March 19-20— 

Steel Founders’ Society of 
America. Annual Meeting to be 
held at the Drake Hotel, Chicago, 
Ill. George K. Dreher, 606 Ter- 
minal Tower, Cleveland 13, O., is 
secretary. 


March 19-21— 

Society of Automotive Engi- 
neers. National Production Meet- 
ing and Forum to be held at Hotel 
Statler, Cleveland, O. Additional 
information may be obtained from 
society headquarters, 29 West 39th 
St., New York 18, N. Y. 


March 19-22— 

Institute of Radio Engineers. 
National Convention to be held at 
the Waldorf-Astoria Hotel and 
Kingsbridge Armory, New York, 
N. Y. Additional information may 
be obtained from society headquar- 
ters, 1 East 79th St., New York, 
- =. 


March 19-23— 

American Society of Tool Engi- 
neers. Industrial Exposition and 
Annual Convention to be held at 
the International Amphitheatre, 
Chicago, Ill. Harry E. Conrad, 
10700 Puritan Ave., Detroit 38, 
Mich., is executive secretary. 


March 21-23— 

American Power Conference to 
be held at Hotel Sherman, Chicago, 
Ill. Sponsored by Illinois Institute 
of Technology in co-operation with 
13 universities and nine national 
and regional societies. Roland A. 
Budenholzer, Technology Ctr., Chi- 
cago 16, Ill., is conference director. 


March 26-27— 

American Society of Mechanical 
Engineers. Instruments and Regu- 
lators Division Conference to be 
held at Princeton University, 
Princeton, N. J. Additional infor- 
mation may be obtained from so- 
ciety headquarters, 29 West 39th 
St., New York, N. Y. 


March 26-238— 

American Management Associa- 
tion. Manufacturing Conference 
to be held at the Statler Hotel, De- 
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News Roundup 





troit, Mich. Additional information 
may be obtained from society head- 
quarters, 330 West 42nd St., New 
York 36, N. Y. 


April 1-5— 

American Society of Mechanical 
Engineers. Oil and Gas Power 
Division Conference to be held at 
the Jung Hotel, New Orleans, La. 
Additional information may be ob- 
tained from society headquarters, 
29 West 39th St., New York, N. Y. 


April 2-4— 

American Institute of Electrical 
Engineers. South West District 
Meeting to be held at Dallas, Tex- 
as. Additional information may 
be obtained from society headquar- 
ters, 33 West 39th St., New York, 
N. Y. 


April 4-6— 

American Society of Lubrication 
Engineers. Annual Meeting and 
Exhibit to be held at the William 
Penn Hotel, Pittsburgh, Pa. Wil- 
liam P. Youngclaus, Jr., 84 E. Ran- 
dolph St., Chicago 1, Ill., is admin- 
istrative secretary. 


April 10-11— 

American Society of Mechanical 
Engineers. Machine Design Divi- 
sion Conference to be held at the 
Bancroft Hotel, Worcester, Mass. 
Additional information may be ob- 
tained from society headquarters, 
29 West 39th St., New York, N. Y. 


May 2-4— 

Industrial Fasteners Institute. 
Annual Meeting to be held at the 
Homestead, Hot Springs, Va. R. B. 
Belford, 1517 Terminal Tower, 
Cleveland 13, O., is secretary. 


May 14-17— 

Design Engineering Show and 
Conference to be held at Conven- 
tion Hall, Philadelphia, Pa. Addi- 
tional information may be obtained 
from Clapp & Poliak, 341 Madison 
Ave., New York 17, N. Y. 


May 24-25— 

Third Conference on Mechanisms 
to be held at Purdue University, 
West Lafayette, Ind. Sponsored by 
the Purdue School of Mechanical 
Engineering and MACHINE DESIGN. 
Additional information may be ob- 
tained from the Editor, MACHINE 
DESIGN, Penton Bldg., Cleveland 
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NORGREN 


AIR PRESSURE 
REGULATORS 


Accurate, Dependable 


Control of Air Pressure 


Pr There's a Norgren Regulator 
[ for Every Air Regulation Need. 


All air-operated equipment is 
designed to operate most efficiently 
at one specified air pressure. Pressures 
in excess of this specified pressure 
result in greater wear, more down- 
time, higher maintenance cost and 
waste of air. You can select a Norgren 
Regulator that will provide the 
desired pressure at all times, holding 
it constant even though the line 
pressure or rate of flow may vary. 


How Norgren Regulators Provide Accurate, 
Trouble-Free Service ... 


1. PRECISION CONSTRUCTION 


Norgren Pressure Regulators are precision 
built throughout to provide accurate pressure 
regulation under the most rugged conditions. 


2. PRESSURE KEPT CONSTANT 


Norgren Pressure Regulators respond quickly 
to sudden demands for greater air volume with- 
out an excessive momentary pressure drop. 


3. EFFICIENT OPERATION 


A baffle plate and siphon tube permits greater 
air flow with less pressure drop and protects 
the diaphragm against sudden pressure surges 
and chatter. 


4. LONG-WEARING DIAPHRAGM 


The diaphragm in Norgren Pressure le 
lators is made of oil-resistant synthetic rubber 
reinforced with nylon fabric. 


5. RELIEVING FEATURE 


The built-in relieving feature available on 
all models safeguards connected equipment 
against damage through pressure surges— 
permits downward adjustment of pressure 
without auxiliary “bleeding” of line. 


6. EASY TO INSTALL 


Pipe connections are straight through for easy 
installation. In addition, most models can 
be completely dismantled without removing 
them from the air line. 


Without obligation, learn how Norgren Pressure Regulators 
can reduce costs in your plant. Call your nearby Norgren 


Representative listed in your telephone directory, or 
WRITE THE FACTORY FOR NEW NO. 700 CATALOG. 


Yoox 





3442 So. Elati St., Englewood, Colo. 
Wherever Air it Used in Gnautory 





NEARLY 400 STANDARD MODELS 





NORGREN AIR PRESSURE 
REGULATORS, RELIEVING “ 





Relieving feature provides 
added protection against 
excessive pressure build-up. 
Permits downward adjust- 
ment of pressure without 
“bleeding” of line. Maximum 
allowable primary pressure 
is 450 psi; adjustable de- 
livery pressure is 2 to 250 psi. Pipe sizes— 
Y%" to 1” inclusive. Series 2AX. 





NORGREN AIR PRESSURE 
REGULATORS, STANDARD 





to 250 pal. Pipe sizes —¥ 
pe . 
to 1° inclusive. Series 2A. 





NORGREN AIR PRESSURE 
REGULATORS, PRECISION 





For precise control of air 
pressure in the range of 0 
to 2 cfm. Specially suited 
for use with air-controlled 
instruments. Maximum al- 
lowable primary pressure is 
400 psi; adjustable delivery 

ressure is 1 to 30 psi. 

elieving type. Pipe size— 
%". Series 11,400. 








NORGREN AIR PRESSURE 
REG!LATORS, PILOT-CONTROLLED 


A precisely controlled air 
eunion provides an extended 
adjustable range, more 
accurate pressure 


increased 
Maximum 


cfm. 
allowable pri- 
mary pressure 


marist eat 
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Pioneer offers more than 400 models of impeller-type 
and positive displacement 
coolant pump requirement; or we will develop designs 
for specific applications. Our application engineers will 
welcome the opportunity to discuss your pump require- 


This New 
PIONEER 


Coolant Pump 












gives you 
important 
Advantages 


1. Totally enclosed motor, with extra-heavy 


shaft and heavy-duty ball bearings. 


2. Handles abrasives or chips without injury 


to the pump. 


Will pump down to 'e"; self-priming to 1” 
liquid level. 


Permits clean-out of machine sump with 
minimum time and labor. 


Interchangeable with any make pump 
with standard mounting dimensions. 


Sealless design with no metal-to-metal 
moving parts. 


7. Can be furnished with any 
desired electrical character- 
istics. 


8. Three optional outlets: left 
external, right external, center 
outlet through mounting flange. 
The latter permits compact, 
clean-cut design of machine 
with no exposed piping. 





ments with you. 


26 


Send for our illustrated booklet covering the basic Pioneer 


pumps to meet every 





designs in both impeller-type and positive displacement pumps. 


DETROIT HA 
Sales Office: 5450 West 
Plant 
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PIONEER PUMP DIVISION 


RVESTER COMPANY 


Jefferson Ave., Detroit 9, Michigan 


Paris, Kentucky 
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OF MACHINES 


In reorganizing its Engineering 
Div., Chrysler Corp., Detroit, has 
named Paul C. Ackerman to the 
newly created position of director 
of engineering. Mr. Ackerman will 
serve as chairman of the division’s 
new Engineering Executive com- 





Paul C. Ackerman 


mittee, which is composed of en- 
gineers in charge of product plan- 
ning, styling, research, administra- 
tion, testing, management plan- 
ning, and body, chassis, electrical 
and truck engineering. Mr. Ac- 
kerman was associated with Tim- 
ken Detroit Axle Co. and was as- 
sistant chief engineer of the Tim- 
ken Roller Bearing Co. before join- 
ing Chrysler in 1934. He had 
charge of engineering road test- 
ing for four years; was appointed 
assistant chief engineer, then chief 
engineer of laboratories; and in 
1953 was named executive engi- 
neer. 


Appointment of John M. Miller 
Jr. as works manager and Stanley 
R. Scheiner as director of engi- 
neering of the television and broad- 
cast receiver division has been an- 
nounced by Bendix Aviation Corp., 
Baltimore. Mr. Miller has been di- 
rector of engineering for Bendix 
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Television for almost a year and 
prior to that was chief engineer. 
Mr. Scheiner, assistant director of 
engineering since April, 1955, has 
been one of the principal engineers 
for Bendix Television for the last 
six years. 


R. C. Poucher has been appoint- 
ed chief engineer by Nutt-Shel Co. 
Inc., Glendale, Calif. 


Having recently joined the di- 
vision as assistant chief engineer, 
Herbert H. Schmiel has_ been 
named chief engineer of the Indus- 
trial Hydraulics Div. of Parker Ap. 
pliance Co., Cleveland. Mr. Schmiel 
had been associated with the Hy- 
dreco Div. of New York Air Brake 
Co. for 15 years, the last 6 years 
as assistant chief engineer. 








Edward J. Cassidy has been ap- if you have a dead-end sob 


pointed director of quality control | / Tek 4 
for the home appliance division of | Se/) US Your VIC hum er 
Servel Inc., Evansville, Ind. Mr. 
Cassidy has been on special assign- | If you are stuck in a job without a future, it will 
ments since joining Servel last pay you to investigate the wide variety of openings in 
September. He was previously di- our engineering department. 
rector of engineering for Glascock Here, the designer is a key man. He has a virtually unlimited 
Brothers Mfg. Co. opportunity to gain recognition and advancement. 
& o. and also has Outstanding men can, and frequently do, build 
sound, well-rewarded careers in a hurry. 
In addition, there are other important advantages: new, higher 
salary ranges, liberal employee benefit programs, 
pleasant New England living, many others. 
Fill in and mail the attached coupon immediately. 
We'll treat it confidentially; reply without delay. Your action 
. now may be the first step toward a far better future 
: 7 for you and your family. 
~~ Be sure and include your telephone number. 
We may want fo call you 
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been affiliated with Ontario Mfg. | RE cant ROOM ail 
Co., American Transformer Co., | OT ag 





Gray Mfg. Co., and Sperry Gyro- | ! Po. eel 
scope Co. Inc. | Pie = CITY.- + 


Isaac F. Kinnard has been named | PRATT & W 


manager of special projects and 

studies at the instrument depart- 

ment of General Electric Co. in 
(Continued on Page 30) 


World’s foremost 
PIPE TAMU designer and 
n of United Aircraft Corporation builder of 
These hnaiaim aircraft engines 
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THE NEW DEVELOPMENT THAT | 


—STARTS LOADS SMOOTHLY 





— PROTECTS AGAINST SHOCKS AND OVERLOADS 
—SAVES POWER 


— GIVES 100% EFFICIENCY AT FULL LOAD 


= MACHINE DESIGN 
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Efficiency at Full Load / 


FLEXIDYNE — 


RY FLUID DRIVE 
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Field experience proves that the new princi- 
ple employed in Flexidyne provides a better 
way to handle difficult drive problems. 

The “dry fluid’’ in Flexidyne is heat treated 
steel shot. A measured amount, called the 
flow charge, is contained in the housing, 
which is keyed to the motor shaft. When the 
motor is started, centrifugal force throws the 
flow charge to the perim- 
eter of the housing, wedg- 
ing it between the housing 
and the rotor which trans- 
mits power to the load. 


. After a momentary slip 
between housing and rotor 
the two become locked to- 
gether and achieve full 
load speed without slip 
and at 100% efficiency dur- 
ing the running cycle. 

Flexidyne is easy to select off the shelf. Each 

size has a standard horsepower rating, yet 

the flow charge can be varied quickly to 
give you tailor-made torque to suit the job. 
Write for bulletin A-640, or call your 

Dodge Distributor now about Flexidyne 

Drives and Flexidyne Couplings. 

DODGE MANUFACTURING CORPORATION 

3300 Union Street, Mishawaka, Indiana 





CALL THE TRANSMISSIONEER, 
your local Dodge Distributor. 
Factory trained by Dodge, he 
can give you valuable assist- 
ance on new, cost-saving .« 
methods. Look for his name 
under “Power Transmission 
Machinery” in your classified 
telephone book, or write us. 


D 


FLEXIDYNE AT WORK 
TURNS IN GREAT 
PERFORMANCE RECORD! 


Flexidyne Drives and Couplings are now being 
delivered from stock. Already reports like these 
are coming in about Flexidyne performance in 
many tough assignments. 


RAILROAD CAR PULLERS 


“Starts fine...summer or winter!” 


CONVEYORS 


“We start under full load now!” 


COTTON CARDS 
“Finally ...the soft start!” 


TRAVELING CRANES 


“Spots our loads...and how!” 


PUMPS 


“Now we are using smaller motors, too!” 
VENTILATING FANS 
“Takes off smooth as silk!” 


---AND OTHER HEAVY INERTIA LOADS 
“Wonderful performance!” 





of Mishawaka, Ind. 
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New spring stress reliever 
increases operating life 


CHROMALOX 
Electric 
CARTRIDGE HEATERS 


On applications which require repetitive flexing 
action, you can now obtain Chromalox Electric 
Cartridge Heaters equipped with an ingenious 
high tensile spring—which protects the lead wire 
against premature breakage. 

The spring—which is mechanically locked to 
the cartridge heater and is not affected by heat 
follows the lead wire a sufficient distance to 
prevent sharp twists from breaking the wire. 
Laboratory testing indicates that operating life 
of the lead wire can be increased up to 10 times 
with this spring stress reliever. 

Chromalox Electric Cartridge Heaters equipped 
with the spring stress reliever are available in 
¥%", %", %" and %” diameters. 


Let the Chromalox Sales Engineering staff 
solve your heating problems . . . electrically. 


Write for your copy 
of Bulletin 850 


for more specific information 
on Chromalox Electric Car- 
tridge Heaters. 

For information on the com- 
plete line of Chromalox 
Electric Heaters request Catalog 50. 


Edwin L. Wiegand Company 


7575 Thomas Boulevard ¢ Pittsburgh 8, Pennsylvania 





EDWIN L. WIEGAND COMPANY | 
| 7575 Thomas Boulevard, Pittsburgh 8, Pa. | 
|_| would like to have— 
| () a copy of Bulletin 850 
| (Ja copy of Catalog 50 
| [Ja Sales-Engineer contact me. | 
: Name_ ad —— | 
| Company _ 
Street | 
; | 

| 


City Zone State 
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Men of Machines 





(Continued from Page 27) 


Lynn, Mass. Mark A. Princi has 
been appointed manager of engi- 
neering to succeed Mr. Kinnard, 
and Thomas O. Paine replaces Mr. 
Princi as manager of the measure- 
ments laboratory. 


Executive vice president since 
1948, W. G. Frank has been named 
president of the American Air Fil- 
ter Co., Louisville. Mr. Frank has 
been associated with the company 
since 1929, when it was organized 
through a consolidation of five air 
filter companies, one of which he 
had served as chief engineer. 


S. P. Kinney Engineers Inc., 
Carnegie, Pa., has announced the 
election of Ward W. Clarke as vice 
president in charge of engineering. 
He is succeeded as chief engineer 
by Hugh B. Carr, who was former- 
ly associated with Steel Co. of 
Canada Ltd. 


Square D Co., Detroit, has 
named John D. Leitch vice presi- 
dent of engineering and Asa H. 
Myles chief engineer and a mem- 
ber of the operating committee of 
its newly acquired Electric Con- 
troller and Mfg. Co. Div. in Cleve- 
land. Dr. Leitch, with headquar- 
ters in Detroit, will co-ordinate en- 
gineering activity for Square D 
plants in nine cities in the United 
States, as well as in Toronto and 
Mexico City. He joined Electric 
Controller in 1937 in charge of 


John D. Leitch 





Asa H. Myles 


product development, was named 
chief engineer in 1943 and a vice 
president in 1952. Previously he 
was associated with the Steel Co. 
of Canada and was a member of 
the faculty of the University of 
Toronto. 

Mr. Myles joined Electric Con- 
troller as a test engineer in 1930, 
subsequently became a control en- 
gineer and, since 1943, has been 
assistant chief engineer. 


Sterling Precision Instrument 
Corp., Buffalo, has announced for- 
mation of the Cambridge Engi- 
neering Laboratory as a new fa- 
cility of its Instrument Div. and 
the appointment of John J. Jarosh 
as director. Mr. Jarosh’s back- 
ground in instrumentation includes 
experience as chief designer for 
the Navy’s Mark XIV gyroscopic 
gun sight. 


Formerly director of engineer- 
ing, Marvin L. Stark has been 
elected vice president of engineer- 
ing and development for Peerless 
Mfg. Corp., Louisville. 


George A. Delaney, chief engi- 
neer of General Motors’ Pontiac 
Motor Div., has been inaugurated 
as president of the Society of Au- 
tomotive Engineers for 1956. Mr. 
Delaney has been active in the 
SAE and has served as member 
and chairman of the Technical 
Board. He has been associated 
with Pontiac since 1934. 


MACHINE DESIGN 

















| 


F 
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If you are in the business of 
manufacturing air-moving 
products or appliances, this is 
an invitation to you to visit 
the world’s finest plants and 
engineering facilities devoted 
exclusively to the development 
of air-impeller equipment. 
Manufacturing divisions are 
located at Torrington, 
Connecticut (headquarters), 
Van Nuys, California, 

and Oakville, Ontario. And 
Torrington’s products and 
services are available to you 
through an organization 

of sales representatives with 
offices located in 25 metropoli- 


tan and industrial areas. 


Call us—or come, and bring 


your problems with you! 





THIS IS TORRINGTON 





Be); 


TORRINGTON 


MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT 
VAN NUYS, CALIFORNIA: OAKVILLE, ONTARIO 
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NATIONAL ACME 


NAP-LOC 


TRADE MARK 






THE ORIGINAL 


SNAP-ACTION LOCKING SWITCH 


SNAP-LOCK LIMIT SWITCHES. Made in both single-pole and 
double-pole series, and in four types: Standard, Short Travel, 
Neutral Position and Push Lever. With the exception of the 
Push Lever Switch, all are adaptable to special enclosures for 
hazordous location service and may be used with various 
styles of operating levers. For AC or DC service. 


PROVED ...by 


millions of contacts 





ELECTRICAL SIDE MECHANICAL SIDE 


Electrical and mechanical sides are separated by a 
wall within a sturdy die-cast housing which is 
fully insulated and is oil and dust resistant. Can 


SNAP-LOCK h . he 
Push Button also be furnished water and oil-tight. 


Control Station Switches 


Made up of small SNAP-LOCK 
switches, with seperate en- 





closures or electrical and All National Acme Switches—Limit Switches, Push-But- 
geet en aie pt ton Control Station Switches and Motor Starter Switches 

© any number of units and in ‘ ; 

any arrangements of buttons, in employ the same dependable, basic sNap-tocKk design. As 
flush or surface mounted types. illustrated above, the snap-action locking mechanism is 
ee ee ae simplicity itself—fool-proof, accessible, and long-lived. 


The double-throw contact lever is connected directly by 
shaft with the latch bar on the mechanical side and carries 
self-wiping coin silver contact points to insure quick action 
make and break, with maximum wear resistance. 
SNAP-LOCK Motor Starter 
Switches Send for Bulletin EM-51, or let us 


SNAP-LOCK Motor Starter , » , 
discuss your desi S$ wt sou. 
ealiies Ge tenet te > uss your design problems with you 


phase motors to 72 HP on AC 
Ye HP on DC. SBE ECP RVLAtC A’ MANUFACTURING DiviSton 


National Acme 


The National Acme Company ¢ 188 East 131s? Street, Cleveland 8, Ohio 
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Low Vv 
VOLTAG 
CONNECTION ewede om ' 
, : HIGH VOLTAGE 
act danas 
AM 


FRo 
NT BEARIN 
G 
roe ; mek DUT" Suar 
cd eal 7 EXTE 
FT - Vs/O 
BEAKING SIZE : 


a 


CURBE. 
NT OPERATION 
INSTRUC 








a 
« this nameplate important to you ? 


is Allis standard motors 


that Lou 
tter, last longe! -:: 


o run be 


Kk at the information on this name- 
¢—-information that es life 4 
j r the user 


per + lead mar 
correct motor conne 
be made. 


e Spare pear ings can be easily °F 
from pearing size and type desi : 
they are puilt with special 
new ra motors can do & 
ew bu etin No. 1700 
for your copy: 


A complete line of 
standard rerated mo- 
tors in frames 182 
through 326U now in 
stock. Special rerated 
motors are available 
on short delivery. 


THE LOU ) 
iS AL 
MILWAUKEE 7, a 
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(Advertisement) 


Carboloy Trends and Developments 
for Design Engineers... 


® How complex permanent-magnet assemblies are built 
to desired field patterns from simple magnet shapes 








G-E Alnico magnets provide 
unlimited design flexibility 


The fundamental problem in design- 
ing with permanent magnets is how 
to provide a specific magnetic flux 
in a desired field pattern. 


In solving this problem, a designer 
can choose from seven General Elec- 
tric Alnico grades, hundreds of styles, 
weights from a fraction of an 
ounce to a hundred pounds. He can 
use magnets with two poles—or 
many poles; with poles at the ends 
—or anywhere along the magnetic 
axis. 


This all gives tremendous flex- 
ibility to the design of permanent 
magnets and magnet assemblies. But 
precisely because there are so many 
sizes, shapes, strengths, and other 
factors to be considered, this flex- 
ibility can make the designer’s job 
far more complicated. 


So, to help give a clearer under- 
standing of what can and cannot be 
done with G-E Alnico permanent 
magnets, we have prepared this 
description of basic magnet shapes. 


The simplest forms of a permanent 
magnet are the bar and rod. They 
are normally salient (i.e., the poles 
occur at the ends), and may be of 
any cross-sectional area. 





U- and C-shaped magnets are simply 
bars “bent” to bring both poles to 
the same plane. 





Carry the bending process to its 
ultimate conclusion and you have 
the cylinder (see top of next column) 
with or without the hole. A cylin- 
drical magnet can be magnetized 
with as many poles as desired on the 
outside diameter (A), or the inside 
diameter (B). Not only can the size 
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and shape of the hole be varied, but 
the magnet can be made salient (B), 
or nonsalient (A). 


SO 


All other forms are merely varia- 
tions on the original themes, even to 
such nonstandard shapes as these: 


eo 


Use of pole pieces adds 

to design possibilities 

One basic use of pole pieces is to 
provide a return path for the mag- 
netic flux. Pole pieces may be solid 
(B), or laminated, like this gener- 
ator magnet (A). 








Designers can easily assemble pole 
pieces and properly shaped perma- 
nent magnets to obtain their required 
field patterns. 

One version is this stator assembly, 
designed to provide inner poles. The 





design can be altered in various 
ways, depending on mechanical, 
space, magnetic, or physical prop- 
erties required. 





For example, here is another 4- 
pole magnet using soft steel. It is 
also possible to construct an assem- 
bly with as many poles as required— 
by using a number of bar magnets 
or by using one 2-pole magnet. 





Perhaps the most important consid- 
eration in the design of magnetic 
assemblies is the amount of flux 
across the air gap. These air gaps 
may be single (A), double (B), or 
annular (C). 


a 


Soft-steel pole pieces are often 
used to complete the magnetic cir- 
cuit, allowing maximum flux density 
though the air gap, with a minimum 
amount of permanent-magnet mate- 
rial. However, there are a consider- 
able number of variations possible, 
either with or without pole pieces. 

Our G-E magnet engineers have 
broad knowledge and experience in 
the design and construction of per- 
manent magnets, pole pieces, and 
air gaps. They will be more than 
happy to share their knowledge with 
you. There is no obligation, and all 
information is held in strictest 
confidence. A letter to us will get 
them to work on your problem im- 
mediately. 

And keep in mind the Carboloy 
products that perform a myriad of 
important jobs throughout industry: 
cemented carbides for combating 
wear; Thermistors for detection, 
measurement, and control of minute 
temperature variations; Hevimet for 
high-density and radioactive-shield- 
ing applications; and vacuum-melted 
metals and alloys. 








| 





“Carboloy” is the trademark for products of the Carboloy Department of General Electric Company 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 


11126 E. 8 Mile Ave., Detroit 32, Michigan 


CARBOLOY CREATED-METALS FOR 
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RESEARCH * DESIGN * METALLURGY * PRECISION MANUFACTURING 


Our 56 years of specialized experience is part of every one 
of the millions of sleeve bearings we produce each year. It 
means that each of these bearings will meet the most 
exacting requirements of practically every type of auto- 
motive, industrial and agricultural equipment. We maintain 
complete facilities for research and engineering, and quality 


control in all of our plants. 





SINCE 1899 


FEDERAL-MOGUL-BOWER BEARINGS, INC., 11045 SHOEMAKER, DETROIT 13, MICHIGAN 
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YOU GET ALL THESE ADVANTAGES... 


which mean 
Smoother Performance, 
Higher Efficiency 
and Longer Life 























We make all types of Worm Gear Re- 
ducers, . . . for Horizontal or Vertical 
mounting; with Worm above or below 
Worm Gear; in Single, Double or 


Tu BEARINGS throughout are of highest quality, calculated to tiheip Gadieations the uxeiiom or Game 


take all loads and stresses in accordance with maximum duty corvice; ony horsepower or se- 
ratings of units. duction ratio. 
2 EXCEPTIONALLY RIGID HOUSING of best grade cast iron Toll ws your Speed Reduction preb- 
is ais 3 : ~ ea - = = lems, and a Philadelphia Sales Engi- 
. . » Strengthening ribs integral with design. neer will gladly call upen yeu, . 


without obligation. 


3. — —~ WORMS made of SAE 3115 Steel with carburized and hard- 
ened threads. Shaft and threads smoothly ground after 
hardening. 


4. ___ GEAR SHAFT BEARINGS run in an oil well that automati- 
cally fills with fresh oil when filled from top. Splash from 
the gear keeps the wells filled to the overflow point. 





= WORM GEAR made from quality chill cast nickel bronze 
bolted to a semi-steel center. (Smaller sizes are solid bronze.) 
a WORM AND WORM BEARINGS run in oil bath. Baffle “Hy ; 
plates prevent flooding. hiladelphia 
: P P Worm Gear 
a equipped with stuffing box to prevent oil _ Speed Reducers 
= SHAFTS are premium quality. Always accurate, straight, Catalog WG-51 sent upon request on 
concentric. your letterhead. 


PHILADELPHIA GEAR WORKS, INC. 


ERIE AVE. & G ST., PHILADELPHIA 34, PA. Pg ry LimiTorque Valve Controls 


NEW YORK « PITTSBURGH « CHICAGO + HOUSTON + LYNCHBURG, VA il 
BALTIMORE + CLEVELAND ~ 
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RELAYS, TIMERS and STARTERS 
in this LEMAIRE Multiple Station Machine Panel 










| Bulletin 700 BX Universal 
relay with 4 normally open 
& normally closed contacts. 





LeMaire multi-station ma- 
chine operated by panel- 
board shown above. A 
good example of Allen- 
Bradley solenoid controls 
in the automotive industry. 


Did you notice the prominence of Allen-Bradley solenoid motor 
controls at the recent Chicago Machine Tool Show? Manufac- 
turers recognize these reasons... the long, trouble free life 
of Allen-Bradley motor controls ... their unerring precision in 
operation... the inherent QUALITY of their workmanship 
and materials. 





\ 


Bulletin 709 Size 3 Machinery manufacturers look to Allen-Bradley as a re- 
starter. Rated 30 hp, liable source of control units and components. The A-B trade- 
eenhidperanenaates mark is to them and their customers The Sign of QUALITY in Bulletin 800T any 
Motor Controls. oiltight push *~ 
button with NO 








Send for the Allen-Bradley Handy Catalog. It is a recog- 
nized handbook on motor control. Or, let our control special- 
ists help you with your control problems. 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada—Allen-Bradley Canada Ltd., Galt, Ont. 


& NC contacts. 





Bulletin 709 Size 1 
starter. Rated 5 hp, 220 
v; 7% hp, 440-550 v. 


Bulletin 802T 
adjustable lev- 


ALL N-BRA Be D | er limit switch. 
cht eet i 












Bulletin 849 
pneumatic 
timer —adijust- 
able from 1/10 
to 180 sec. 


Bulletin 702 3-pole re- 
lay with magnetic hold- 
inlatch. Ahum-free relay. 


















































SMALL MOTORS CAN BE AS IMPORTANT TO PRODUCTION SCHEDULES AS LARGE MOTORS 


ments are available to cover the ratings of this starter. 

The Bulletin 600 starting switch is available in single and 
double pole construction. Its double break, silver alloy con- 
tacts provide high interrupting capacity. The contacts are 
always in good operating condition. They never need to be u 
cleaned, filed or dressed. Please write for a copy of Bulletin 
600 for complete information on the Bulletin 600 line. 


Here is an outstandingly popular starter for applications 
using motors of ONE HORSEPOWER OR LESS. 

It is a small, manually operated starter that is equipped 
with a time-tested, reliable A-B overload breaker. A soldered 
ratchet trips the operating lever in case of a sustained over- 
load. It is reset, after tripping, merely by moving the 
operating lever to the OFF position. Overload heater ele- 


SIMPLE ATTRACTIVE 
DESIGN APPEARANCE 


OVERLOAD 
BREAKER 


EASY TO 
INSTALL 


VARIETY OF 
ENCLOSURES 


FITS STANDARD 
SWITCH BOXES 
































rs H 
“un Y yy | ros > Type 7 th 
~ a for haz- 
% a ardous or 
loca- 
tions. 
th 
da 
dh I fib 
La oy on 
. , ' de 
Simple ON & Streamlined en- According to Na- Bulletin 600 start- Remove 2 screws | 
OFF snap switch closure in grey tional Elec. Code ers fit any stand- on front of start- 
. easy access enamel, and bon- ruling, motors of ard 22 in. deep er...slip off or 
to terminals .. . derized to assure 1 hp or less, auto- wall switch box. cover... attach 
ample wiring positive binding matically started Can be mount- conduit... pull in all 
space. . . silver of enamel finish by thermostat, ed in machine wires and con- fal 
alloy contacts to resist corro- float switch, etc. frame or base. nect to termi- 
need no cleaning sion. The pilot must have over- Available with nals ... replace inf 
or maintenance. light is optional, load protection. pilot light. the cover, Type 4 with on 





pilot light. 
















Allen-Bradley Co. 1 . , 
1316 S. Second St. , ~\) 


Milwaukee 4, Wis. Y) W 
In Conado—Allen-Bradley ALLEN-BRASDLEY 
A A 
N V 
EU, ‘ Y, 


Canada Ltd., Galt, Ont. 
=QUALITYS<< 
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DURABLE — TOUGH — RUGGED. 
National Vulcanized Fibre rail 
joint insulation withstands years 
of continuous exposure and 
heavy pounding of today’s high- 
speed railroading. Will not cor- 
rode or deteriorate 


aoa 





DIELECTRIC STRENGTH. National Vulcanized Fibre 
gives electrical parts high dielectric strength—plus 
toughness and excellent forming properties. Has ideal 
application as insulation 


ee 



















ARC RESISTANCE. In circuit breakers, 
National Vulcanized Fibre safely curbs electri- 
cal arcing without carbonizing or tracking 
Easy to bend, punch and form. Light in weight 
Heat-and-shock resistant 


MACHINABILITY — MECHANICAL 
two STRENGTH. New paper-base Phenolite 
not only has excellent arc resistance, but 
superior machining qualities as well. 


- 
m at e r t a 5 wy Great compressive and tensile strength. 
























CHEMICAL RESISTANCE. 
Chemical-resisting grades 
of Phenolite are unaffected 


oO f by most corrosive fluids and 
atmospheres. Retain high 
5 H strength, resiliency and di- 
u n I { m i t e d mensional stability 
— — 
application 





Here are six ideas to spur your imagination. They only suggest 
the many things that can be done with National Vulcanized Fibre 
or Phenolite Laminated Plastic. 

The full list of current uses for these materials would more than fill 
this page and many more pages! Yet more are coming up almost every 
day. For NVF is not only the world’s largest producer of vulcanized 


fibre. We also make a fulltime job of thinking up new improvements to COMPACT DESIGN—ECONOMY—HIGH TEM- 
our products—and new ways of using them to improve yours. Result: PERATURE RESISTANCE. Printed circuits 

‘ : ? made of copper-clad Phenolite permit compact 
designers call our materials the most versatile ever. design, simplify production, reduce assembly 


Looking for an easy, economical way to improve production— ome. 


or products? Team up with NVF. We’re prepared to assist you 

all the way from initial design to the delivery of precision 

fabricated parts. Our new 16-page Catalog will give you full Z NA T'i@o N AZ, 

information about our products and services. Write for it 

on your business letterhead to Dept G-2. / VULCANIZED FEBRE CO. 
WILMINGTON 99, DELAWARE 








In Canada: National Fibre Company of Canada, Ltd. * Toronto 3, Ont 






Also Manufacturers of Peerless Insulation, 
Materials Handling Receptacles, 
Vul-Cot Wastebaskets and Textile Bobbins. 


Typical parts 
fabricated 
by NVF 


VISIT THE NATIONAL BOOTH—SPACE 777 
IRE NATIONAL EXPOSITION MARCH 19-22 AT NEW YORK 





—ITEM 180— 
February 23, 1956 For More Information Circle Item Number on Yellow Card—page 19 39 






Republic Stainless 
cuts cost of 


Operator at left is removing scale accumulation from Clepco im- 
mersion heater casing made from Republic ELECTRUNITE® Stainless 
Steel Tubing. Any normal cleaning procedure may be followed 
without risk of damage to unit. And if your product demands 
cleanliness, the lustrous, smooth-finished surfaces of stainless tubing 
are clean, sanitary, and easy to keep that way. Solid stainless 
throughout, maintenance and replacement costs are reduced. 


Operator at right is shaping 2” Republic ELECTRUNITE Stain- 
less Steel Tubing to a bullet nose by spinning it under flame. 
Workability of this tubing makes it easy to fabricate. For 
heater casings, Cleveland Process uses both Types 304 and 
316 Stainless Tubing which they find highly satisfactory for 
either acid or alkaline solutions—oat temperatures ranging 
from 100° to 600°. 


REPUBLIC 


Woleds Wier Regge % Standard, Sel | a 


MACHINE DESIGN 








| Tubing solves breakage problem... 
Clepco immersion heater casings 





The Cleveland Process Company of Cleveland, Ohio, 
manufacturers of Clepco immersion heaters, had a 
twofold problem. The tube-like casings they use to 
house heating elements were fabricated from a brittle 
imported material. Scale removal was particularly haz- 
ardous—often resulting in a cracked or broken casing. 
Furthermore, the material itself, although an effective 
insulation, was expensive. 


To solve these problems, Cleveland Process switched 
to Republic ELECTRUNITE Stainless Steel Tubing for 
heater casings. They found ELECTRUNITE Stainless 
Tubing easy to fabricate, having consistently uniform 
diameter, wall thickness, concentricity, strength and 
ductility. But most important, ELECTRUNITE com- 


# 


pletely eliminated breakage and substantially reduced 
material costs. 

Made of long-lasting Republic ENDURO Stainless 
Steel, this tubing provides strong resistance to cor- 
rosion, oxidation and scaling at high temperatures. 
Where strength is a requirement ELECTRUNITE 
Stainless Tubing is ideal—providing an extremely 
high strength-to-weight ratio. 

This tubing may be the very material you need to 
improve your product or process. For detailed informa- 
tion about the many cost-saving advantages of Republic 
ELECTRUNITE Stainless Steel Tubing—including sizes, 
gages and analyses—send coupon today for new, 
illustrated 60-page booklet. 


REPUBLIC ENDURO® STAINLESS PIPE SAVES COSTS 
in paper mills. Section shown above is part of 
a piping system that conveys the highly corro- 
sive pulp mixture to the processing machines. 
Where corrosion-resistance is vital to cost 
savings, the extra expense of this long- 
lasting piping is an inexpensive investment 
in long-range economy. 


SrEEL 


and, SC Pjedluel 


REPUBLIC SEMI-RIGID PLASTIC PIPE SAVES COSTS 
in cooling towers. Original pipe had to be 
replaced every four months in this cooling in- 
stallation near coke ovens. A constant bath of 
corrosive steam saturated with hydrochloric 
acid soon destroyed it. Two years ago, 
Republic Semi-Rigid was installed with excel- 
lent results: no sign of damage to this date. 


REPUBLIC DEKORON®-COATED EMT SAVES COSTS 
of electrical conduit in chemical piants. Wher- 
ever the atmosphere is corrosive, unprotected 
metal parts take a beating. But Dekoron- 
Coated EMT shrugs off corrosion. The tough, 
polyethylene coating over the galvanized 
finish gives double protection to electrical 
raceways. Send coupon for facts. 


REPUBLIC STEEL CORPORATION 

3130 East 45th Street *« Cleveland 27, Ohio 

Please send me more information on: 

D0 Republic ELECTRUNITE Stainless Steel Tubing 
0 Republic ENDURO Stainless Pipe 

0 Republic Plastic Pipe 

O) Republic Dekoron-Coated EMT 




















nila en ceniiamee So mpm 


Name Title. 
Company 
Address 
City Zone— Strate. 
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How Rzeppa Joints Solve 


Critical Drive Problems... 
Changing or Fixed Angles- High or Low Speeds 


LOW ANGLE — HIGH SPEED Up to 3° at 8,000 rpm. Rzeppa disc type joints are of rugged design. Are available 
Aircraft uses the Rzeppa disc type for auxiliary power take- in either spline-driven or bolt-driven types. A flexible neo- 
off shaft drives because constant torques and speeds are prene seal permits working angles up to 18°. 

transmitted. This type is especially adaptable to those ap- 

plications where vibration is critical. 





il 


HIGH ANGLE — LOW SPEED Up to 35° at 400 rpm. Rzeppa bell type joints are constructed with a spline shank. 
Continuous miner really uses the versatility of Rzeppa bell Are easily sealed in axle housings or other machine com- 
type joints. Its working angle is constantly fluctuating. Bell ponents. Will handle working angles up to 35° depending 
joints are especially suited for power steering drives or on seal types and housings required. 

articulated driving axles with independent wheel suspension. 


SHS HHSHHESEHHEEHHHEEHSEHEEEHHEHESHSHEESHEHEEEHESEHESEESEEEESEEESEEHEESESEHESESESESESEESEEEEEEEEEOESESESESEEEEEEEEEEEE 


Somewhere between the two applications shown lies the Joints wear longer, have higher capacity, are more compact, 
answer to more effective joint performance for you. Because and operate with less friction. That's why Rzeppa Joints 
of their versatility, Rzeppa Constant Velocity Universal Joints carry heavier loads for their size than any other type. Disc 
type or bell type, you get ruggedness and versatility. Don’t 
you, too, have an application that can use these performance 
advantages? Our catalog may help answer that for you. 


By transmitting true, constant rotating motion, Rzeppa Send for it today. 


are transmitting a uniform flow of power in these and 
hundreds of other applications — including machine tools. 


UNIVERSAL 
JOINTS 


TYPICAL DRIVE LINE 

APPLICATION — Jointed 

shaft for independently 

sprung rear axle and pro- 

peller shafts for industrial os Joint Division 

applications. a THE GEAR GRINDING MACHINE CO, 
3937 Christopher, Detroit 11, Michigan 
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OF NSE sizes 


RHEOSTATS © RESISTORS © RELAYS © TAP SWITCHES *150 Volts between tops. 


THE NEW “48-FRAME”’ 
THAT GIVES YOU 


MACHINE DESIGN 
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MOTOR DESIGN 
INDUSTRIAL QUALITY 


Everything you asked for and 
more. Smaller, yes ... and better, 
too. Here is traditional Century 
dependability, smooth-running 
and quietness under load ...now 
skillfully engineered into the 
compact new “48-Frame” design. 


These great new Century “Indus- 
trial Quality" motors are now 
available in sizes from 1/20 to 
1/3 H.P....developed specially 
for industrial users. 


SEE A SAMPLE of the New 
Century “*48-Frame"’ motor... 
test one in your plant. Your Cen- 
tury representative will be glad 
to show you a graphic point-by- 
point comparison to answer any 
specific questions you might 
have. Let him show you how the 
smaller, lighter and better new 
Century “48-Frame” design gives 
you true industrial quality. Call 
or write your nearby Century 
District Sales Office or Avuthor- 
ized Distributor. 


Performance Rated® 
MOTORS 
1/20 to 400 H.P. 


We Invite Your 
Comparison of... 

engineering— Weight savings up 
to one-third are made possible 
without “skimping” on the vital 
“active materials,” simply by elim- 
inating dead weight and using new 
materials. The result is smaller- 
diameter motors that are not merely 
“just as good” but actually superior 
to the famous Century “56-Frame.” 


compare materials — Genuine 
bonded “MYLAR” slot insulation is 
used... wound cores are dipped 
and baked in thermosetting insu- 
lating varnish... GLASTIC high arc 
resistance switch-mounting plate 
... light and strong, stress-relieved 
pressure-cast aluminum end- 
brackets, which machine true and 
stay true. 


























compare design—For time- 
saving maintenance, “GITS"-type 
oilers for sleeve bearings are 
placed high on the end-brackets, 
allowing easy oiling from either 
end of the motor... cluster-type 
integrally cast fan at the rear end 
of the rotor draws a steady stream 
of cooling air over the coilheads... 
“Square” stator iron permits air to 
pass between the core and shell, 
cooling the whole width. 







1806 Pine Street « St. Louis 3, Missouri * Offices and Stock Point's in Principal Cities 
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This specialist wants to work for you 


P-K®° ASSEMBLY ENGINEERS 
ARE TRAINED TO HELP YOU DESIGN 
BETTER PRODUCT FASTENINGS 
AT LOWER COST 


There’s a Parker-Kalon Assembly Engineer nearby—ready to work for 
you. He’s a fastener specialist with the experience and skill to help with 
your particular problem. Perhaps, he can show you how to eliminate some 
fasteners from your design—or suggest the use of less expensive types of 
fasteners. That’s part of his job. Take advantage of this unique service 
while your product is still in the design stage. Call your local Parker-Kalon 
distributor and have him send a P-K assembly engineer to your office. 
This service is another reason why industry finds... if it’s P- K, it’s O. K.! 


Sold Everywhere Through Leading Industrial Distributors. Warehouses in 
Chicago, Illinois, Los Angeles, California 


PARKER-KALON ’) [fasteners 
PPO? OPPOTING I OC ?*/ FFP 


PARKER-KALON DIVISION + GENERAL AMERICAN TRANSPORTATION CORPORATION + CLIFTON, NEW JERSEY 
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Emerson - Electric 


Shaded-pole Motors 


40 MHP; 1/20, 1/15, 1/12, 1/10, 1/8 HP 


Wherever economy 1s a factor, these new Emerson-Electric Shaded-pole Motors 
are particularly recommended. They are noted for their quiet, cool operation 
and long, trouble-free life—are suited to such drives as air-conditioner fans, 
air circulators, unit heaters, air humidifiers, evaporative coolers, window fans, 
kitchen ventilators, displays. 


Among many features that distinguish these new motors is Emerson-Electric’s 
exclusive thrust provision which minimizes wear and reduces end play, 
preventing undesirable noise and variable operation, after the motor is in 
service. See illustration. 


Since 1890 Emerson-Electric of si. Louis 


Branches: NEW YORK 7, N.Y., 11 Park Place » CHICAGO 23, ILL, 1623 S. Pulaski Road » SYRACUSE, N. Y., 
209 Oakley Drive « PHILADELPHIA (Secane), PA., 868 Quince Lane « DETROIT 7, MICH., 1375 E. Jefferson Ave. 
CLEVELAND 16, OHIO, 1580 Rockland Ave. « LOS ANGELES 42, CALIF., 5415 York Blvd. « DAVENPORT, IOWA, 

617 Brady St. « CINCINNATI 11, OHIO, 2917 Ratterman Ave. 
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New ..for ECONOMICAL drives 


Quiet Operation! 


1 Full-skew rotor design. Carefully con- 
* trolled maximum skew eliminates 
electrical and magnetic noises. 


2 Two large %-inch diameter bearings 
* assure many years of quiet operation. 


3 Special low-durometer-hardness, oil- 

© resistant, synthetic-rubber mounting 
rings on all resilient mountings kill 
vibration noises. 


Cool Operation! 


4 Wide, open end-shields permit free 
* circulation o: cool air over windings. 


5 Double-fan rotor design gives individual 

* cooling to the end coils. Air enters both 
ends of motor, giving uniform, efficient 
cooling. 


Highest Performance! 


5 Indestructible die-cast rotor is heat- 
* treated to increase electrical efficiency. 
Full-skew rotor design gives smooth, 
steady starting and operating torque. 


7 Insulation is specially designed to with- 
* stand high humidity conditions. 


% Exclusive end-thrust design provides 
smooth, quiet operation and long, 
trouble-free motor life. 





EWLARGED VIEW OF EXCLUSIVE END-THRUST DESIGN 


S 


LUBRICATING 
WOTCHES 

FELT RING a PLASTIC WASHER 
STEEL WASHER 

RETAINING RING THRUST WASHER 











Apertures in the steel thrust plate 
permit lubricant from felt ring to be 
carried to thrust surface. Longer 
continuous operating life is assured. 


Get More Information 

For more information on these new 
Shaded-pole Motors, call an Emerson 
Electric motor-drive specialist or write 
for Bulletin No. M- 21. THE EMERSON 
ELECTRIC MFG. CO., ST. LOUIS 21, MO. 
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ReMi motor parts At work 


A prominent passenger car manufacturer gets eleven times more 
chassis per gallon—reducing paint and production costs substan- 
tially—with the efficient, high-quality electrostatic paint spray 
process of the Ransburg Electro-Coating Corp., Indianapolis, 
Ind. Robbins & Myers polyphase motor parts are utilized to | 
atomize the paint spray in an electrostatic field. The spray is at- 
tracted to the products, which are grounded through the hanger, 
producing a high degree of uniformity of finish. 


4 Rugged rotor and stator for a polyphase portable tool. The rotor 
consists of squirrel cage, embedded in laminated core with bars 
and end rings of copper, brazed or welded together. The stator 
has a high-grade silicon steel core with top-quality rag paper 
used to insulate the coil from the core. The finished winding is 
taped and thoroughly impregnated with high-grade synthetic 
resin base varnish to assure trouble-free operation with minimum 
danger of short circuits and grounds. 


ROBEWUME 2 MAY EIS ie. 


MOTOR DIVISION: SPRINGFIELD 99, OHIO © BRANTFORD, ONTARIO 


o # ss & 


Fractional & Integral h.p Household Electric & Hand Propellair Industrial 
Motors & Generators Fans Hoists & Cranes Ventilating Equipment 






























Ras. Mi SPECIALISTS INTEGRATE 






MOTOR AND MACHINE DESIGNS... 


Many factors must be considered in de- 
signing a new motor-operated product that 
will perform its intended functions accu- 
rately, economically, and with a low main- 
tenance and failure rate. Much depends on 
the proper correlation and integration of 
motor and machine designs. A special 
knowledge of motor application can be 
valuable to you. Robbins & Myers motor 
design specialists can help you solve these 
problems, to whatever extent you desire. 

The exact motor for your machine is 
worked out quickly and accurately, with 
systematic methods of designing motors. 
This might include, for example, the use of 
R & M’s unique “Electrical Slide Rule.” 
Electrical equivalents can be set up on the 
slide rule to simulate the conditions under 










Portable Saws Routers 


Drills Screw Drivers 
Nibblers Pumps 

Lock Mortisers Compressors 
Valve Grinders Hones 


Vacuum Cleaners Business Machines 


Fans Cast Cutters 
Sanders 


Food Mixers 


TO ASSURE HIGHEST PERFORMANCE 





RaM MOTORS AND MOTOR PARTS POWER 
MANY TYPES OF EQUIPMENT, SUCH AS... 


which the motor must operate in your 
product. By this method we are able to 
investigate hundreds of different design 
possibilities, assuring the best motor for 
the job. 

In some cases the answers point to a 
standard motor. And here, R & M offers a 
wide variety of types and sizes of complete 
motors or matched motor parts. 

In other cases special motors are in- 
dicated. R & M is equipped to do a fast, 
thorough, economical job of custom-de- 
signing a motor that’s exactly right for 
your product. 

Don’t settle for an ‘‘off-the-shelf’’ com- 
promise. Standard or custom-designed, 
R & M will get you the right answer quickly 
—with no obligation! 


Nut Setters Hedge Trimmers 
Hammers Lawn Mowers 
Polishers Oil Burners 

Planers Surgical Instruments 
Portable Grinders Grease Guns 

Sirens Vibrators 
Advertising Devices Die Sinkers 
Ventilating Equipment Waxers 


Sa 
















R&aM MAKES BOTH! 
Fractional-horsepower 
motors and parts... 


Qe 
Sy ie 
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This coupon will bring you prompt information. MD 





Product we 
manufacture: 


Robbins & Myers, Inc., Motor Division, 
Springfield 99, Ohio 





Please send me, without obligation, 
information on: Name nonce 


| « (] Motor Parts for Portable Tools 
. oe Title 
_ [( Universal Motors 


Capacitor Motors C , 
Integral-horsepower CL) Capacito Ovors ompany eS 
motors; famous []) R & M “All-Weather”? Motors 
R&M “All-Weather” with —up to 200 h.p. sueets is She! See 


sealed bearings. 


[] Please have a 
Up to 200 h.p. 


Motor Specialist call City & State_ — 


** All-Weather’ is an R & M trademark 
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Tensile Strength (psi 





Sterek [2007 »«. 


‘that you can use lighter sections, 
have greater strength, 
improve your product, save money 


“vith AMPCO* Metal 















psi 
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0.5% Deformation 
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Examine these charts carefully 

— they tell a story that can save 
you money and put extra life and 
dependability into your product. 


Look, for instance, how other non-ferrous 
metals show a sharp decrease in mechanical 
values as casting cross-sections increase. 
Ampco remains practically constant — you 
require less metal. 


Section Thickness (inches) 







non- 
thickness 







A 





Note Ampco’s unusually high tensile and CHART REFERENCE 
yield strengths compared with conventional A. Ampco Metal 
bronzes — you use lighter sections to do B. Tin Bronze (88-8-4) 
a better job. And Ampco Metal weighs 10 Red Brass 
to 15 percent less than other bronzes — Tin Grense (85-5-5-S! 


¢. 
D. 
, , ; EM 8 
so you can make important weight reductions ee 
F. Aluminum Alloy 
G. 


Fact is, Ampco Metal’s high strength-to- Silicon Bronze 
weight ratios can mean real savings for 
you — savings in material and money. 
Consult yous nearby Ampco field engineer Charts courtesy Materials & Meth 
for full information or write us. ods and Westinghouse Electric Corp 





Elongation in Two inches (Percent) 


<> AMPCO. METAL, INC. 


Sole Producer of Dept. MD-2, Milwaukee 46, Wisconsin 
Genuine Ampco Metal West Coast Plant: BURBANK, CALIFORNIA 


Elongations (2”) of various non- 
0-43 ; : 
ferrous metals vs section thickness 


*Reg U S Pat Off 
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Torsion SPRINGS POWER SPRINGS FLAT SPRINGS CLIPS, gtames FASTENERS and 
= a Clock or Motor “a RETAINERS 
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~ ag Expander, etc. Parallel-series 
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ASSOCIATED 
SPRING 
CORPORATION 





ASSOCIATED SPRING CORPORATION 
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when you need a 


Over 95% of Doerr's production con 


Rely on Doerr’s long and specialized ex- 
perience to solve your problems. List your 
specifications. Then let Doerr prove how 
easy it is to select and receive on-time de- 
livery of motors that exactly fill your need. 
Special features and modifications of all 
types are available. Present castings, wind- 
ings and mountings can be adapted to solve 
new design problems at minimum cost. In 
addition, Doerr makes a complete line of 


sists of motors with one or 





more special features 


standard NEMA ratings, every motor 
precision-built to the highest standards of 
quality. 
Discover now 
builders consiste 


why leading machinery 
ntly re-order Doerr Mo- 


tors. Before you buy, just write or call us 
in for a talk. More than likely we can fur- 
nish the top-quality power package you 


want. 





Gearmotor for agi 
gitator dri 
bulk milk cooler. Roidainietent 


shatt. Leak-proof seal. 


Doerr — special mounting 
«i eo 
— ing 10” tilting arbor 


Special and standard 
electric motors from 
1/30 to 5 HP that ex- 
actly meet your needs. 


For More | i 
nformation Circle item Number on Yell 
ellow Card— 
page 19 





ory eo motor. Low contour— 
orques—pleasing appearance. i 


Special diameter 

. motor parts 

use in rotary oil burners. ® eg 
to 5 HP. ange V2 





oc selgee ra eliminates 
mounting and alignment 
Saves space and weicht. — 


Sanitary dai 

e ry pump mot 
Doerr-Designed to pa <r ol 
ifications. $% spec- 


You Get MORE with Doerr! 


Write for New Bulletin 
on Electric Motors 
Without Obligation 


CEDARBURG, WISCONSIN 





—ITEM 190— 
MACHINE DESIGN I 








———— 








XUM 


February 23, 1956 


e ® re 


damped vibration control 





What to do when low frequencies cause re- 
sonance in vibration isolators? That was the 
problem put to MB engineers by one com- 
pany. Stiffer mounts had been tried. But 
these reduced isolation of higher frequency 
vibrations and caused malfunctioning of the 
sensitive product. 

New, type 121 MB mounts supplied the 
answer. These units minimize low frequency 
resonances through a unique internal damp- 
ing design without any sacrifice of high fre- 
quency isolating efficiency. They restrict re- 
sonant build-up to below 3.5 to 1 in any 
direction of vibration. 

Three sizes are now available to you, in 
threaded or press-in types. All meet military 








Threaded flange or press-in types avail- 
able in MB damped vibration isolators. 





specifications on vibration and shock. Metal 
parts interlock, totally enclosing and pro- 
tecting damper. Load ranges: from 15 to 100 
pounds per unit. 

Satisfying special vibration control needs 
has been MB’s business for 
over 15 years. Take advan- 
tage of this fund of busy 
and successful experience. 
Check with MB for special- 
performance mounts avail- 
able as standard units, 

BULLETIN NO. 616 
gives useful, helpful data 
on vibration. Send for your 
copy to Dept. 3 














1060 State Street, 


manufacturing company wcrc, 


A division of Textron American, Inc. 


PRODUCTS TO ISOLATE VIBRATION ... TO EXCITE VIBRATION ... TO MEASURE VIBRATION 
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Here’s Why We Use | 


SQUARE D Starters | 


on the Machines We BUILD ;, 

























PERFORMANCE When you get right 
down to it, the performance record of 
any machine tool depends a lot on how 
the control behaves. We know, from a 
lot of past experience, that Square D 
starters are designed to deliver the 
kind of trouble-free performance that 
keeps our customers happy. 


FLEXIBILITY Another thing we like 
is the flexibility we get with Square D's 
starter design with packaged parts kits. 
It's a cinch to make last-minute changes 
in interlocks, coils and overload relays. 
That's important because it means we 
don’t have to keep a big stock of start- 
ers with a lot of modifications. 




































































es ep FIELD ENGINEERING SERVICE 
’ When we're designing machines that call for more 
complicated electrical control, it's mighty nice to have 
7 ¢ a Square D Field Engineer handy to work with us. As 
ES ex © : a matter of fact, he'll carry the ball just as far as we 
—— & say—even to developing the control circuit for a 





multi-station machine. 
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Here’s Why We Specify 


QUARE D Starters © 


We BUY 


on the Machinery 


PERFORMANCE, EASY INSPECTION AND MAINTENANCE 


Sure, we like Square D 
performance because it keeps our 
“down time” at 4 minimum. BUT— 
everybody knows that even the 
best starter needs periodic inspec 
tion and preventive maintenance. 
We like the way Square D makes it 
easy to handle those routine jobs. 
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OFF-THE-SHELF PARTS KITS 
They make normal maintenance and 
modifications easier than ever. Pack- 
aged parts include interlocks, contacts, 
coils, overload relays, pushbuttons and 
selector switches. They re easy to buy, 
easy to identify, and faster to install. 


y DOCH Vf 



























































































































































1 Loosen two screws and the 2 Remove four screws and 





are chamber cover comes off. entire movable assembly can 





Every contact surface can be be lifted off. Disconnect two 
inspected at o glance. wires and slip off magnet coil. 






























































3 Contacts are attached with 4 sizes 0 through 4 starters 





separate screws—they can have these separate mounting 





be removed and replaced electrical interlocks for easier 





without disturbing any wiring. installation. Contact block is 
A screwdriver is the only tool attached from front of panel 





needed. with two screws. 
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9% Pound Magnetic Octopus, about 12” 
square, primarily designed for dip tank 
use in hot or corrosive liquids, as shown. 
Utilizing Alnico magnets in 3 small 


stainless steel (18-8) tubes, it retrieves 
tools, tramp iron and tiny iron particles 
from hard-to-reach bottoms of ovens, 
troughs, tanks and other vessels. 


“Octopus” shows use of 
magnetic nickel alloy 
for diverse application 


(2) Reduction of tool size and weight to 
desirable limits. 


THIS MAN HOLDS a deceptively sim- 
ple Eriez tool, well-named a magnetic 
“Octopus.” 

It is completely non-electric. Yet 
its powerful, permanent magnetic 
strength is capable of lifting and 
holding ferrous metal objects or 
masses weighing 75 to 100 pounds. 


This potent, permanently depend- 
able magnetic power stems from 
ALNICO . . . an aluminum-nickel- 
cobalt-iron alloy. 

The remarkable permanent mag- 
netic strength of this nickel alloy 
provides two basic advantages: 

(1) No need for electromagnets, current 
and accessory equipment. 


NCO THE INTERNATIONAL NICKEL COMPANY, INC. 


TeaOt wate 
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These are utilized in tools made 
by Eriez Manufacturing Company, 
Erie, Pa. for hundreds of diverse 
applications. 


The addition of nickel ...essential 
in Alnico permanent magnets... 
helps scores of other alloys meet 
particular fabrication and service 
demands. So if you encounter diffi- 
culty with metal for a specific appli- 
cation, let us give you some practical 
help. Write for ... List A of avail- 
able publications. A simple form 
makes it easy for you to outline 
your problem. 


—ITEM 193— 


i. ii 


Better Product Assured where Eriez per- 
manent magnetic drums remove stray 
iron from tallow and meat scraps. 


Safeguards Hammer Mill. Eriez non-elec- 
tric magnetic pulley removes tramp iron 
from wood chips on belt feeding the mill 
and explosive mixtures beyond. 


Cleans Powdered Chemicals. Eriez perma- 
nent magnetic grate removes invisible 
iron particles from drugs and the like. 


67 Wall Street 
New York 5, N. ¥. 


MACHINE DESIGN 





100 places, ENjay Butyl rubber parts 








Pals 


% Z| ania 








Axle bumper 








Radiator and heater hoses, 


Body seals, gaskets, insu- 
ducts 


lators, pads, grommets, etc. 


Brake and accelerator pedal 
pads, bellows 


Pontiac has been using parts made of Enjay Butyl since 1946. The 
great 56 model now incorporates more than 100 parts made from this 
super-durable rubber, adding to its performance, style and value. These 
parts have amazing resistance to deterioration and will easily last the 


life of the car. 
Among the many advantages of Enjay Buty] are price and ready avail- 


ability. And it is now available in non-staining grades for white and 
light-colored parts. Extensive laboratory and testing facilities are at & U T Yy L 
your service. For the full story, contact the Enjay Company today. 





Enjay Butyl is the super-durable rubber 
ENJAY COMPANY, INC., 15 West Sist Street, New York 19, N. ¥. ‘ith oulsianding ee es 
District Office: 11 South Portage Path, Akron 3, Ohio Sraen © ae ° ee | eee 
ozone and corona « chemicals « gases « 

heat + cold « sunlight + moisture 


36 SUCCESSFUL YEARS OF LEADERSHIP IN SERVING INDUSTRY 
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We have had 
8 years to i ON 
get acquainted | 
with these 


relays... 


Making and improving these relays during the past 58 years has taught us to 
know them very well. The use of these relays in our own — has helped 
to make Kellogg the leader in the independent telephone field. 

You can save design time and cut production costs because our intimate experi- 
ence as a relay-user as well as relay-maker enables us to develop relays that are 
rated to meet your requirements...to build them to stand up in your equip- 
ment, for a lifetime of service ...to stock them for early delivery. 

For instance, we have in stock thousands of variations on the standard Kellogg 
4000 Type Relay, including time-delay, twin, snap-action, multi-contact, and 
plug-in relays. You can anticipate their performance in any application because 
we have true ratings on every one of them. 


* 

For the A.B.C.’s of the 4000 type relay and 
other Kellogg relays use the coupon to send 
for this Kellogg Relay Bulletin. 





KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
A Division of Internationa! Telephone ond Telegraph C 


orporation 
SS SEE Oe ee ee See KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
RE Ce Dape. "Salen Offices: 79 W. Monroe st. Chicago 3, Ml. 


QUALITY COMPONENTS FOR INDUSTRIAL CONTROL 
QUALITY COMMUNICATIONS SYSTEMS 


[_] Please send me the booklet on Kellogg Relays KELLOGG Branch Worehouses and Offices: 


6000 W. Sist Street 1515 Turtle Creek Bivd. 
Chicage 38, Iilinois Dalles 2, Texas 
REliance 5-5445 Prospect 5191 
NAME_ 4501 Truman Rood 1663 Mission Street 

Kansas City 1, Missouri Sen Francisco 3, Californie 
Humboldt 7085 Market 1-6011 


FIRM ; —_ -~ . , 410 N. Syndicate Avenue 1555 West Fourth Street 
St. Pav! 4, Mi field, Ohie 
Nestor 5878 Mansfield 7-2816 
STREET call ; _ ; KELLOGG Branch Office: Export Distributer: 
7 a. 406 S. Main Street International Standord 
les Angeles 13, Calif. Electric Corp. 
50 Church Street 


CciTYy_ ZONE __ STATE ee ow Var 7, tow Yok 
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They asked for the “impossible” . . . and 
got it! 


Here’s the die casting that “couldn’t be 
made.” But Stewart found a way to turn out 
12,000 a week. 

This helical gear is only one example of 
how many firms large and small have put 
Stewart’s long experience to work. 

Perhaps you have need for a die casting. 
Whatever it is, you can count on Stewart to 
meet your specifications . . . accurately, and 
on time. 
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MACHINE DESIGN 








Get custom-made performance 
































and volume prices 
with American Quality Springs 


OME OF OUR BEST CUSTOMERS still find it hard 
to believe that American Steel & Wire can 
turn out such an incredible variety of springs: 
we make extension springs, compression springs, 
torsion springs, motor springs, flat spiral springs, 
flat springs, and wire forms with an endless 
variety of end formations. Cold wound and 
heat treated. 

Materials? Carbon steel wire, hard drawn, oil 
tempered and annealed, music wire, chrome- 
vanadium wire, Stainless Steel, monel, phos- 
phor bronze, brass or just about any other 
spring metal you can name. 

Finishes? Springs can be supplied ground, 
polished, shot blasted, ball blasted; coated with 
japan, lacquer, zinc, cadmium, copper, nickel or 
just about any other material that can possibly 
be applied. 

American Steel & Wire can supply completely 
fabricated spring assemblies, too. A complete 
assembly department can produce, at low cost, 
such items as parking brake assemblies. 

Take advantage of our complete spring en- 
gineering design service, this great range of 
varieties; get rapid delivery and low prices— 
with American Quality Springs. Just call your 
nearest AS&W salesman. 





AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 
| ° UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS AMERICAN QUALITY SPRINGS 


i See te me STATES oe a 8 & 
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Selling 
Points 
Galore, 





and the tilling uth is 


MADISON-KIPP 


zinc and aluminum die castings 











To finalize the sale of competitive “counter goods” 
quickly requires pre-planning and good judgment on the 


part of the product designer. 


The skilled and experienced craftsmen at Madison-Kipp can often assist in 


providing the ‘‘telling touch” that might otherwise be missed. 


Please clip this ad as a reminder to contact us when you have die casting requirements. 





on i [Z MADISON-KIPP CORPORATION 


210 WAUBESA STREET ©® MADISON 10, WIS., U.S.A. 


e Skilled in Die Casting Mechanics e Experienced in Lubrication Engineering Originators of Really High Speed Air Tools 
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Tops in Quality — Competitive in price! 


When you buy or specify motors for fans, blowers, unit 
heaters, air conditioners, cooling towers or dehumidifying 
systems don’t overlook these two new standard or custom- 
designed Diehl Totally-Enclosed Motors. 


Smaller in size, lighter in weight, precision-engineered and 
precision-built to new NEMA standards, they are ideally 
suited to “air-over-motor” applications where moisture, 
fumes, dust and other airborne particles 

are a problem...a field in which 

Diehl has long been a leader. 


DIEHL MANUFACTURING COMPANY 
Electrical Division of THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. 

Please send me the following bulletins: 

(0 New Type “D" Motor Bulletin No. MD-3304 

CL) Consolidated Catalog & Price List No. MD-3310 
ee 

Company =s 

Street 

City 


INTEGRAL AND FRACTIONAL HORSEPOWER MOTORS ARE AVAILABLE IN A WIDE RANGE OF TYPES AND SIZES 
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CONTOUR-WELD PIPE...BEST 
BY ANY TEST YOU CAN NAME 


Flare and Flange 


Pressure (Tubing) ' (2 {© 
J Sith 5 Reverse Bend (2%” O.D. x .154 Wall) s 


Uniformity 


Flattening 


MACHINE DESIGN 
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Run your finger over the weld area inside 
Trent’s new Contour-Welded® pipe. We doubt 
if you can even feel the weld. It’s that smooth! 
There's no weld bead . . . no undercut . . . no 
place for corrosion or erosion to get a start. 
Here’s the reason: Contour-Welding is an 
entirely different method of producing welded 
pipe and tubing. It puts gravity to work to 
pull down the molten weld-metal to conform 
with the exact contour of the pipe. That means 
a smooth, clean weld practically indistinguish- 
able from the pipe itself. 
Contour-Weld Means Trent's Better Than Ever 


As always, this new TRENTWELD pipe 
and tubing is made from uniformly rolled 
stainless strip. Wall thickness is always the 


new Stainless pipe 


with a weld so smooth you can’t even feel it 


same throughout the pipe . . . and Contour- 
Welding brings this same high uniformity to 
the weld zone itself. All this, plus Trent's 
superior cold-working methods, gives you a 
stronger pipe or tube, with smoother flanged 
or flared ends. 

Try new TRENTWELD pipe or tubing on 
your next job. It’s available in any gage, for all 
applications including high-pressure hydraulic 
lines . . . high-velocity systems . . . lines car- 
rying corrosive chemicals. And new Contour- 
Welded tubing is available in most grades, 
including Hastelloy, Zirconium, Zircoloy, Tita- 
nium and 19-9-DL. You'll find that TRENT- 
WELD can't be beat by any other pipe — 
welded or not. 

*Contour-Weld is the trade mark of the Trent Tube Company 


for its process of welding pipe and tubing 
which is protected under U.S. Patent 2,716,692. 


Normally, in producing welded pipe, the weld is made at the top. But gravity 
plays a nasty trick. It tugs at the fluid metal in the weld zone, pulling it down 
toward the middle of the pipe. The result, particularly in the heavier gages, is 
a perceptible bulge where it hurts the most — right on the I.D. surface. If you 
try to get rid of the bulge — at fair cost — the metal is undercut — and corrosion 
and erosion start there. 





But Trent put a stop to that — simply by going into partnership with gravity. 
With their exclusive Contour-Welding process, they weld at the bottom — and 
gravity works for them. For then, the bulge is in the opposite direction — 
blending in perfectly with the contour of the pipe itself. 








STAINLESS STEEL TUBING 


TRENTWELD 





TRENT TUBE COMPANY, GENERAL SALES OFFICES, EAST TROY, WISCONSIN (Subsidiory of CRUCIBLE STEEL COMPANY OF AMERICA) 
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use the SYNCHRON’* formula to 
solve your timing problem 


The Synchron Formula can help you cut production costs, 
make designs work the way you plan them. 


Apply it to your timing problem. Gather the factors . . 
TP, the Timing Problem, plus F, the Facts (proposed mounting 
methods and a simple sketch). Send this data to the denomi- 
nator in our equation .. . He, the Hansen Engineering Depart- 
ment. 


TP + F divided by He equals YS, Your Solution to the 
problem and an answer that will help your design to be more 
sound, still less expensive to produce. 


You'll find the Synchron Formula an easy way to the solu- 


SS 


tion of your timing motor problem. Hansen Engineers are spe- 
cialists; learn to rely on their 48 yrs. of experience designing, 
building, testing, and specifying timing motors for every type 
of application. 


Scores of manufacturers look to Synchron Motors and Han- 
sen Engineers to match the timing specs in the development 
of their designs. This trust is priceless to both Hansen and its 
customers .. . a pledge of confidence as famous as the Syn- 
chron Motor. 


Take advantage of the Synchron Formula, by contacting 
your Synchron Representative, or write direct to Hansen. Your 
inquiry will be given prompt, confidential attention. 


‘ht “Workhorse of the industry 


*SYNCHRON synchronous motors operate smoothly, evenly in any position; 


at temperatures from 


40° to -+ 140° F.; start instantly under load; pull up 


to 30 in, oz. at | RPM. Available in 42 speeds from 0.8 RPM to 600 RPM. 








Saree) & 


SYNCHRONOUS MOTORS, TIMING MACHINES 


CLOCK MOVEMENTS, MAGNA-TORC D.C. MOTORS 








HANSEN MANUFACTURING CO., INC. ESTABLISHED 1907 PRINCETON 12, INDIANA 


FACTORY REPRESENTATIVES: 


The Fromm Co., 5254 W. Madis on St., Chicago, Ill. @ R. H. Winslow + Assoc. 123 E. 37th St., New 


York, N. Y. @ Electric Motor Engineering, Inc., 8255 Beverly Blud., Los Angeles, Cal. @ Lawrence Sales Co., Box 13026, Dallas, Texas 
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Illustrated above is one of two Walking Shoes for a large 
wheel excavator employed in strip mining operations .. . 
it is one of many heavy parts and assemblies of parts 
fabricated and machined by Mahon for manufacturers of 
several types of mammoth earth moving machines. If you 
can use weldments to advantage in your product, you can 
turn to Mahon for complete service including design or re- 
design, fabrication, machining and assembling. Steel-Weld 
Fabricated parts and products shown at left are typical 
of thousands produced by Mahon for manufacturers of 
processing machinery, machine tools, and other types of 
heavy mechanical equipment. If you need weldments, or 
welded steel in any form, you will find a unique source in 
the Mahon organization . . . a source where design skill 
and advanced fabricating techniques are supplemented 
by craftsmanship which assures a smoother, finer appearing 
product embodying every advantage of Steel-Weld Fab- 
rication. See Sweet's Product Design File for information, 
or write for Booklet showing Mahon’s facilities to serve you. 


THE R. C. MAHON COMPANY © Detroit 34, Michigan 


Sales-Engineering Offices in Detroit, New York and Chicago 


bricators of Steel in Any Form for Any Purpose 


Pi sreeed 





Last 
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THESE TOP QUALITY FEATURES... 


(Standard on Miller Cylinders at no extra cost) 



































Benefits To You 


CASE-HARDENED Piston Rods (52-54 
Rockwell “C”) provide practically com- 
plete protection against damage from ham- 
mer blows, wrench-dropping, mishandling, 
and similar occurrences. Available from 
Miller at no extra cost. 

The HARD CHROME PLATING over 
the case-hardened rods protects against 
scratch-damage and rust. Available from 
Miller at no extra cost. 








Benefits To You 


“TEFLON” Rod Wipers and “TEFLON” 
Hydraulic Piston Rod Seals withstand tem- fF 
peratures from—100°F. to plus 500°F. They A?) 
are impervious to practically all known 
chemicals, including the fire-resistant, spe- 
cial, and standard hydraulic fluids in cur- 
rent use. Available from Miller at no 
extra cost. 





Benefits To You 
Highest quality Black Ferric Oxide Finish 
provides rust protection in air cylinder op- 
eration and on all cylinders during ship- 
ping and installation. 





Cylinder heads, caps, mountings, pistons, 
followers, tie rods, and the unplated por- 
tions of the piston rods have this finish 
at no extra cost on all Miller cylinders. 
(This finish not recommended for water 
service ) 








wish to route 
o the 


See These New Features on 
Miller Cylinders at Miller 


BOOTH No. 429 


A. S. T. E. SHOW, March 19-23 









international Amphitheatre Chicago 











MILLER FLUID POWER CO. 
SALES AND SERVICE FROM COAST TO COAST 


CLEVELAND * YOUNGSTOWN ¢ DAYTON @¢ TOLEDO @ CINCINNATI! © COLUMBUS ] e 0 
PITTSBURGH © PHILADELPHIA © BOSTON © HARTFORD © NEW YORK CITY A. = 2006 N. Hawthorne Ave., Melrose Park, i. 
+ 













BUFFALO © ROCHESTER © MINNEAPOLIS © GRAND RAPIDS ¢ DETROIT © FLINT 

FORT WAYNE © SOUTH BEND © INDIANAPOLIS © MILWAUKEE © LOUISVILLE eH 
KANSAS CITY « SEATTLE © LOS ANGELES © SAN FRANCISCO © BALTIMORE 
DENVER « ST. LOUIS * MOLINE ¢ CHICAGO ® HOUSTON e¢ ATLANTA AIR & HYDRAULIC CYLINDERS * BOOSTERS * ACCUMULA 


TORONTO, CANADA and OTHER AREAS 
COUNTERBALANCE CYLINDERS 





























In 1945-46 You Benefited ... 


From the following quality cylinder ‘‘Firsts’’ offered by Miller 
Fluid Power Company on its standard catalogued power cylinders: 


Square bar steel heads, caps, and components 
Welded fabricated steel mountings 
Detachable, interchangeable steel mountings 
High tensile steel tie rods (4 per cylinder) 
High tensile steel piston rods 

Chrome Plated Piston rods 

. Wrench flats on piston rods 


Non-corrosive tubing on large bore air cylinders 


SP PNAYA WH o 


Step-cut piston rings on hydraulic cylinders 


> 


Dirt wipers on air cylinders 


_ 
— 


. Dirt wipers and oil wipers on hydraulic cylinders 
12. Non-adjustable, bubble-tight, leakproof piston rod seals on air cylinders 
13. Non-adjustable, bubble-tight, leakproof piston seals on air cylinders 


14. Non-adjustable, leakproof, hydraulic piston rod seals guaranteed not to leak even one 


ill HU UU 


ej es 
pes drop of oil 
ihe 
ayy 15. Non-adjustable, leakproof, hydraulic piston seals guaranteed not to leak even one 
ae drop of oil 
oy By ‘ =e ; , ae 
ste 16. 98°% plus operating efficiency on air cylinders of 4’ and larger bores at 80 psi 
hy ° ) ) 
3; 17. 98°% plus operating efficiency on hydraulic cylinders of 4” and larger bores at 130 psi 
ty 18. 1 psi no-load break loose pressure on air cylinders of 34%” bore and larger 
~ 9 - 
jie 19. 3 psi no-load break-loose pressure on hydraulic cylinders of 4” bore and larger 
oh 
St 20. Seal life in excess of several hundred million feet of piston rod travel on all of the 
pes . . 
$F above-mentioned piston seals 
vA 21. Precision-seal cylinders 
Bs 22. Seals that seal with pressure on all hydraulic static seals 
S 23. Catalogued line of hydraulic cylinders of 2000 to 3000 psi operating pressure 


we In 1954 You Benefited again —from Miller's... 


a ey i 24. Sizable stock cylinder program 
[-___] 25. Model 77 heavy duty detachable foot mountings 









ie In 1955 You Benefited again —from Miller's... 





eae, 26. Greatly expanded stock cylinder program 
27. Case-hardened, chrome plated piston rods 
28. “Teflon” hydraulic piston rod seals 


wa 29. “Teflon” dirt wipers on air cylinders 
[| 30. “Teflon” dirt and oil wipers on hydraulic cylinders 


31. High quality rust preventive finish on all parts not otherwise protected from rust on 
both air and hydraulic cylinders 


oe 7 

v0 ws i ¥ Cente “eS ee ERD og . 
SEE roe ony sas" rE? re. e * Be. ahi et af nF ee AEM 9 TRE Fe Gh See 
BP Stace Se Mi VEN PAR : a 's8oants S > yD * Bay eS bee tg! tn'og Fe oS TP OES 








TERRE en 


See Ras On ae er 
rsh. shew eta Bo gr 7 —wrrie 
= EUS eee ee ROTTS BEDE IE Ft te RESET Ss Se 
ONS Nore Nady at “gh sean Se C7. #s REIS ES 27! ihe Tape 


In 1956, You Will Benefit poms cee a 


fi)» + Watch For MORE Miller Firsts! (jf) 
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roll neck bearings 
used on world’s 
largest tube 
reducing 

machine 





Photo courtesy of Socony Mobil Oil Company Inc. 


SKF sphericals absorb tremendous punishment, 
provide greater bearing capacity 


This 102 foot long giant tube reducing machine, designed and 
operated by Tube Reducing Corporation, Wallington, N. J., 
for the U. S. Navy Bureau of Aeronautics, and built by E. W. 
Bliss Company, Canton, Ohio, puts a 3% million pound 
squeeze on precision tubing of outer diameter sizes ranging 
from 9 to 17 inches for military and commercial cold finished 
tubular products. 

The mammoth bearings for 50” diameter rolls on the ma- 
chine are 0S Spherical Roller Bearings. They are the 
largest spherical roller bearings of this type ever made, with 
a rated capacity of 3,200,000 Ibs. Each bearing weighs 5150 
Ibs.; individual rollers weigh 391 Ibs. 

The Tube Reducing Corporation first employed StS Spher- 
ical Roller Bearings in 1937 for a 2%” tube reducing machine 





BALL AND ROLLER BEARINGS 





having 13” diameter rolls. Today, all tube reducers in this 
plant are S0S -equipped... from the smallest to the 102 foot 
giant. 

Like the men at Tube Reducing Corporation, organizations 
that pioneer advancements in their fields are accustomed to 
find that (Sf matches their vision with advanced bearing 
design that helps them make a working reality of their most 
ambitious and forward-looking plans. 

Make {Sf Engineering cooperation a plus factor in the 
successful realization of your company’s planning and devel- 
opment program. 1631 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA., 
manufacturers of SKF and HESS-BRIGHT® bearings. 





® 
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Design data on adhesives 
heii, 


NUMBER ONE 


How to design joints 
for adhesives 


Many common joints can be re-de- 
signed to give maximum strength with 
adhesives. The examples shown do not 
cover every situation, but they do il- 
lustrate how four basic design rules 
can be applied to improve strength. 
These rules are: 

1. Make the bonded area as large as 
possible. 

2. Make the maximum proportion 
of bonded area contribute to 
strength. 

8. Stress the adhesive in the direc- 
tion of its maximum strength. 

4. Minimize stress in the direction in 
which the adhesive is weakest. 

Strengthening a lap joint: 

Under stress, a 

common lap joint 

such as “A” tends 
to deflect as the 
) assembly aligns 


A Lap joint rq 


WZ itself. Instead of 

2 a simple shear 

B Lap joint under stress, the joint 
stress oA 

in effect more 


nearly resembles drawing “B”, The 

tension effect at edges, “1” and “2” 

tends to peel the bond apart, since a 

high proportion of the load is carried 
at the edges of the lap. 

Greater 

Remedy tion of 


Joggie lap (better) 
(Rule 2) Stress is 


ee > 
now reduced in 


the direction in which the adhesive 
is weakest. (Rule 4) 


propor- 
bonded 
area now contrib- 
utes to strength. 


Even greater pro- 
} wee portion of bonded 
area now con- 
tributes to 
on strength (Rule 2) 
Stress is further 
minimized in the direction in which 
the adhesive is weakest. (Rule 4) 
Maximum pro- 
Scarf (best) . 
portion of bonded 
ee —saaea NOW contrib- 
—t— utes to strength. 
(Rule 2) Adhesive 
is now stressed in the direction of its 
maximum strength. (Rule 3) Stress is 
now minimized in the direction the 
adhesive is weakest. (Rule 4) 


Beveled lap 


February 23, 1956 


For More 





(Advertisement) 


ADHESIVES + COATINGS « SEALERS 
USED WHEREVER PERFORMANCE COUNTS 


Production line application of adhesives 


It is as important to choose the right 
method of applying the adhesive as it 
is to select the proper adhesive. 

A straight-line manufacturing proc- 
ess with parts handled by a mechani- 
cal conveyor obviously is the most de- 
sirable setup. The adhesive is applied 
at the first stage, the adhesive film 
prepared for bonding in the second 
stage, and the application of pressure, 
if necessary, in the third stage. 

The methods of application most 
suitable to straight-line production are 
spraying and roller coating. 


1. Spray coating 

Spray coating offers the same advan- 
tages for adhesives as for paints. Ad- 
hesives ranging from water-thin resins 
to viscous synthetic rubber products 
and even abrasive-filled materials are 
applied in this manner. 

Some adhesives and coatings may 
be applied as an even, perfectly 
smooth film. Materials of this type 
should be sprayed with a pressure 
type (not suction) external mixing gun. 
The intermediate nozzle or fluid open- 
ing sizes ordinarily used for paints will 
control the amount of fluid ejected 
into the air stream, so that all of the 
fluid is “atomized.” Fast-drying adhe- 
sives, particularly those based on syn- 
thetic rubber, cannot be applied with 


Typical 
pressure 4 
external mixing ~“// 
gun << 


/ 
EXTERNAL / 
MIXING POINT 





paint smoothness, but will spray with 
uniformity in almost any thickness de- 
sired. Selection of the correct air gap 
and fluid opening is important. Large 
fluid openings are better with viscous 
adhesives, but only if air pressure can 
be increased proportionately, With 
synthetic rubber type adhesives, 
higher air pressure is usually needed 
for breakup of the fluid stream. 
Adhesives of this type can be im- 
proved by lowering the viscosity by 
dilution, using the recommended sol- 
vent. In using an adhesive that has 
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been severely thinned, it must be re- 
membered that solids content is low. 

In many applications, the speed and 
economy offered by automatic spray 
equipment will quickly repay the in- 
vestment required, Where the nature 
of the work requires hand spraying, 
some of the more important points 
are: hold the gun no more than 7” or 
8” from the work; “trigger” the gun at 
the end of each pass rather than at- 
tempt to operate the gun continuously; 
hold the gun at right angles to the 
work to insure uniform film thickness. 


2. Roller coating 

Where continuous production runs of 
sheets of one thickness are involved, 
roller coating is fast and economical. 

If properly compounded, most wa- 
ter base adhesives will roller coat on 
standard equipment. 

Fast-drying adhesives of the syn- 
thetic rubber type require slight ma- 
chine modification and a different tech- 
nique. Most solvents for adhesives wil! 
attack rubber or plastics so that metal 
rolls must be used throughout. Syn- 
thetic rubber adhesives tend to adhere 
to the applicator roll and will not ap- 
ply uniformly from a smooth-surfaced 
roll. To remedy this, the roll should 
contain “reservoirs” for the adhesive 
and enough surface irregularity to pre- 
vent suction. This may take the form 
of grooves at right angies to the roll 
axis or small cups engraved on the roll. 
In either case, the area between the 
grooves or the cups should be cross- 
hatched or broken up in some way. 
The amount of adhesive applied is 
determined by the depth of the ma- 
chined “reservoirs” and their spacing. 

While the coater is in use, the adhe- 
sive should be prevented from losing 
solvent by evaporation, which in- 
creases viscosity. To do this, the adhe- 
sive should be fed to the pan contin- 
uously at the used rate. The pan 
should be covered or the adhesive 
stirred in the pan for uniform feed to 
the take-up roll. Production should be 
as nearly continuous as possible, 

For more information on adhesives— 
and design problems involving adhe- 
sives—write for a copy of “Armstrong 
Adhesives, Coatings, and Sealers.” 
Armstrong Cork Company, Industrial 
Div., 8002 Dean Street, Lancaster, Pa. 
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G.E. OFFERS SPECIAL SOLUTIONS FOR 
YOUR SPECIAL ELECTRIC-ORIVE PROBLEMS 


DID YOU KNOW GENERAL ELECTRIC'S SPECIALTY COMPONENT MOTOR DEPARTMENT 
DESIGNS AND BUILDS THOUSANDS OF SPECIAL MOTORS AND GENERATORS TO SOLVE 
SPECIAL ELECTRIC- DRIVE PROBLEMS ON YOUR PRODUCTS? THIS DEPARTMENT'S 
COMPLETE SPECIALTY-MOTOR LINE INCLUDES A WIDE VARIETY OF SMALL 
AC AND DC MOTORS AND GENERATORS, ALTERNATORS, AMPLIDYNES, TACH 
GENERATORS, DYNAMOTORS, AND UNIVERSAL MOTORS. AND THE G-E 
MOTOR ENGINEERS READY TO WORK WITH YOU WILL EXPERTLY MODIFY 
BASIC DESIGNS TO PROVIDE THE CHARACTERISTICS, ENCLOSURE, 
SIZE ANO SHAPE, ANO SPECIAL ACCESSORIES YOU 
REQUIRE FOR YOUR PRODUCTS. 




















LOW-SPEED AC MOTOR? 


ONLY G.E. OFFERS THIS SYNCHRONOUS INDUCTOR 

MOTOR— OPERATING AT LOW SPEED ON 115 OR 230-VOLT 

AC POWER. LIMITLESS USES INCLUDE MOTOR-OPERATED 

VALVES, MACHINE TOOLS, REMOTE-CONTROL SYSTEMS. 

; & RAPID ACCELERATION, DECELERATION, REVERSING, 
| SEALED-IN LUBRICATION FOR LONG LIFE. 

X TWO MODELS: 75 RPM, 75 O2-IN.; 100 RPM, 2 02-IN, 


Mis 
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S | 




















ro gala 


oe 
































SPECIAL G-E ALTERNATOR -™ 
| PUTS PINEAPPLE HARVESTING ON A 
| 24-HOUR BASIS 


see SPECIALLY DESIGNED G-E ALTERNATORS —RATED FOR 

CONTINUOUS DUTY IN AMBIENT TEMPERATURES UP TO 120°F —NOW PROVIDE . 

POWER FOR FLOODLIGHTS AND SMALL HAND TOOLS ON HUGE PINEAPPLE HARVESTING MACHINES. 

THIS PERMITS HAWAII'S PINEAPPLE GROWERS TO OPERATE ROUND-THE-CLOCK TO GATHER THE 

FRUIT AT THE PEAK OF PERFECTION. G-E APPLICATION “KNOW-HOW PLUS QUALITY DESIGN 
ANO MANUFACTURE ASSURE LOW MAINTENANCE, MINIMIZE DOWNTIME. 





AVAILABLE: COMPLETE ENGINEERING 
ASSISTANCE FOR you / 


HERE'S THE SPECIAL ATTENTION YOUR PROBLEMS GET AT G.E.: 
§. YOUR LOCAL G-E APPARATUS SALES ENGINEER LEARNS 
ALL ABOUT YOUR NEEDS FROM YOUR DESIGN PEOPLE. 
2. HE CALLS INA TEAM OF FACTORY ENGINEERS WITH YEARS 
OF MOTOR APPLICATION EXPERIENCE. 3, AT THEIR 
DISPOSAL ARE G.E'S COMPLETE DEVELOPMENT AND 
TESTING FACILITIES. 4. IN SHORT ORDER, A SAMPLE G-E 
MOTOR 1S READY FOR TESTING ON YOUR PRODUCT. 
FOR THIS COMPLETE HELP, CONTACT YOUR NEARBY G-E 
APPARATUS SALES OFFICE, TODAY. OR IF YOU PREFER, 
WRITE GIVING FULL DETAILS TO SECT. 704-58, 
GENERAL ELECTRIC Co,. SCHENECTADY 5, N.Y. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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critical Giet of design diminution, weight and 
aise reduction, power and component capsulation ? 
O.K. Consider coupons Why not nip out and receive 
complete sory OnKow MP B oh asthere CIGBBSeor | 


BALL BEARINGS ACTUAL SIZE 


ae helping +0 make things SMACEON aud smaller and smaller. : 








@ 


joie TS esnant, perp NOW! a -nn2nnnn 


MINIATURE PRECISION BEARINGS, INC., 3 PRECISION PARK, KEENE, N. H. 


Send me without charge or obligation ( ) My copy of new MPB Catalog, 
( ) bi-monthly MPB ENGINEERING NEWS, ( ) special data on use 
of MPB's in the field of Che , —s 








name title company 


* a -_. 1. oe 
MINIATURE PRECISION BEARINGS, INC., KEENE, N. H. 
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1, 1% or 2 hp 
Motor (@ 1800 rpm) 
(New NEMA Frame 
Size Specifications) 
. 
Valving All 
| Gasket Mounted 
Panel Contains As : _ 
Oil Passages '/ > h ‘ | 
Between Pump 
and Valving So | 
that All External . 
Piping is | 
Eliminated 


A NEW IDEA -.in hydraulic power 
















Vale Mmeotolaiiae] meh 4-3 (-) pat 





2.2, 3.7 or 5.2 gpm (@ 1800 rpm) 
Balanced Vane Pump—1000 psi max. 











| Check Valve 
in Panel When 
! : Directional Valve 
A Second Solenoid NEp. FF | Induded 
Controlled Pilot i Nf 
Operated 



























8 Gallon Reservoir 
Directional Valve with Suction Filter 4 
Can Be 
Provided Here 
For Control of 
Additional Operations 


Here is a new and extremely compact “package system” for providing 
hydraulic power and control to a wide variety of industrial machinery 
applications requiring low hydraulic horsepower. These include clamping, 
gaging, transferring, rollover, elevating, indexing, chuck and clutch opera- 
tions, etc. 

Note the many features indicated on the photograph above. The result 
is improved and simplified hydraulic design . . . also reduced installation and 
maintenance costs. This “package system” has great flexibility . . 


. is avail- 
able in a wide variety of combinations of standard components assembled 


454; to suit individual requirements. Pretested and ready for immediate opera- 


Ts tion, it has also the advantage of undivided Vickers responsibility. For further 
series 


information, ask for installation drawings 178706-8. 
VICKERS |! ATED 
HYDRAULIC ic S INCORPORATE 


DIVISION OF SPERRY RAND CORPORATION 


ss 1430 OAKMAN BLVD. + DETROIT 32, MICH. 
piPpELE 


Application Engineering Offices: « ATLANTA + CHICAGO «+ CINCINNATI 





* CLEVELAND + DETROIT * HOUSTON + LOS ANGELES AREA (EI Segundo) 
MINNEAPOLIS » NEW YORK AREA (Summit, N.J.) * PHILADELPHIA AREA 
; 4 AGE (Media) * PITTSBURGH AREA (Mt. Lebanon) « PORTLAND, ORE. + ROCHESTER 
i P AC ROCKFORD « SAN FRANCISCO AREA (Berkeley) * SEATTLE + ST. LOUIS * TULSA 
' POWER WASHINGTON « WORCESTER 


IN CANADA: Vickers-Sperry of Canada, Lid., Toronto 
73 ee ee 






*These “package systems” supplement the Vickers line of standard hydraulic power units. 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 
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PARKER Die Casting produces these 


20 Different Lengths In ONE 4-CAVITY DIE 


PARKER 
SALES ENGINEERS 


CHICAGO 49, Ill. 
Ollie J. Berger Company « 2059 East 72 Street 


CINCINNATI, Ohio 
William H. Broxterman * 2174 Buck Street 


DETROIT 35, Mich. 
Hodgson-Geisler Co. « 18917 James Couzens 


GIRARD, Penna. 
Daniel F.Marsh « 35 Chestnut Street 


KIRKWOOD 22, Mo. 

Edward F. Higgins, Jr. © 102 West Adams Street 
WILTON, Conn. 

Girard L. Palmer * Belden Hill Road 
SYRACUSE, N. Y. 

J.C. Palmer « 712 State Tower Bidg. 
BELLEFONTE, Penna. 

Warren G. Olson « 420 East Linn Street 


Lower-cost die castings are the result of the die designer’s skill, 
experience and creative imagination. The die castings shown 
above are a good example. This part was required in 20 different 
lengths, each threaded on one end and countersunk on the other. 

The cost of producing multiple cavity dies for these 20 pieces would 
have been prohibitive. Parker solved the problem by designing 
one four-cavity die with removable cores of varying lengths. 

Just think of the savings! 

This creative skill in die design is just another example of Parker’s 
most important product: Proving That Die Casting Cuts 
Component Parts Costs. 

In like manner, Parker may be able to save you money on your 
parts. Just call the nearest Parker sales engineer listed here 
or write the factory direct. 


Parker White Metal Company © 2153 McKinley Ave., Erie, Pennsylvania 


high pressure 
ALUMINUM and ZINC 
die castings 
POWDERED METAL PARTS 


Gz) PARKER 
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THE MOST AMAZING 
FINISH DEVELOPMENT IN 100 YEARS! 





Imagine — a textured and MULTICOLORED finish 
—sprayed at one time, from one gun, in one coat 
that covers surface flaws and blemishes completely! 





PLEXTONE Alpine Green, 


one of many standard pre-mixed colors available for prompt ship- 
ment. Also available in solid colors and in custom multicolors. 


PLEXTONE — CUTS FINISHING COSTS 
UP TO 35% 


PLEXTONE often eliminates many pre-finishing 
steps on wood or metals. Usually no more than 
one coat of primer and one PLEXTONE coat are 
required! And PLEXTONE's texture hides wood 
knots, metal weld marks, flaws and blemishes. 





PLEXTONE — AN UNBELIEVABLY 
RUGGED FINISH 


PLEXTONE's color flecks go “through-the-film’'! 
. defies 


alcohol, grease, and oil! So tough, it can be 


Resists chipping, cracking and abrasion . . 


washed, scrubbed, even scoured with abrasive 
cleansers without surface damage! 








Pacific Coast Division: 
Smith-Davis Company, 10751 Venice Bivd., Los Angeles 34 


| 
| 
| 
Midwest Division: 1658 Carroll Ave., Chicago 12, Ill. | 
| 
| 
| 
PIONEERS IN PROTECTION © OUR 80th YEAR 


February 23, 1956 
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r 
PLEXTONE® 


MAAS AND WALDSTEIN CO., PLEXTONE DIVISION 
2134 McCarter Highway, Newark 4, New Jersey 


Gentlemen: 








CAPSULE FACTS 











WHAT IS COLOR- 
FLECKED PLEXTONE? 


A completely new multicolored in- 
dustrial finish in which colors exist 
separately. When sprayed, they form 
an interlacing color network of amaz- 
ing beauty and durability. 
CHARACTERISTICS 

Lacquer base ¢ Air dries approx. 30 
minutes — dries hard 2 to 3 hours 
¢ Available in flat or semi-gloss © 
Exceptional hiding power — hides 
surface imperfections, covers porous 
materials ¢ Remarkable abrasion re- 
sistance * Good chemical resistance 
® Does not stain © Can be scrubbed, 
even scoured * Quick and easy 
touch-up, without showing ® Available 
in non-toxic grades ® Bonds readily 
to primed wood, metals such as cast 
iron, steel, aluminum, brass, copper, 
zinc; also plastics, woven fabrics, 
wallboard, paper, cement, plaster, 
papier-mache forms. 


USES 


Manufacturers from coast to coast 
are using PLEXTONE to finish such 
products as Caskets * Displays ° 
Furniture ¢ Kitchen cabinets ¢ Ma- 
chinery * Office panels and parti- 
tions © Sewing machine tables ° 
Silver chests * Signs © Store fix- 
tures * Switch gear housings ® 
Table lamps and shades * Toys ¢ 
TV cabinets * Wallboard 


PLEXTONE — DRAMATIC SALES 
APPEAL OF MULTICOLOR! 


Color-flecked PLEXTONE offers endless new effects 
... from subtle tones-on-tone to brilliant spatter- 
dash . . . two, three or more colors sprayed from 
one gun at one time! New sales appeal for any 
and all products. 


Mail Coupon Today—Send for FREE color chips. See some of the many color 
combinations possible. Mail coupon NOW for FREE color chips, PLEXTONE 
sample and complete application data. 


MAAS & WALDSTEIN CO. 


2134 McCARTER HIGHWAY, NEWARK 4, NEW JERSEY 


Please send me FREE color chips, PLEXTONE sample, 
and application dato. 

1 om particularly interested in PLEXTONE 

for finishing 
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Address a 
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a motor designed to your 
exact product requirements 





Many manufacturers of motor-driven products have found 
that the use of a Lamb Electric special application motor 
results in better products and lower costs. 


Our high degree of specialization in both equipment and 
methods provides the advantages of custom manufacture 
on a volume basis. High quality and controlled costs go 
hand-in-hand. 


We shall welcome the opportunity to demonstrate the 
benefits of a Lamb Electric special application motor for 
your products. 

THE LAMB ELECTRIC COMPANY ° KENT, OHIO 


in Canada: Lamb Electric — 
Division of Sang Company Ltd. — Leaside, Ontario 


boctrec 
Lamb Elect ‘cnorserower MOTORS 


FRACTIONAL HORSEPOWER 





ee ec S| 





con}> 


Pp 


, ':_ 
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PACKAGING 
900 CANS 
/ 










st 


Another complex 
timing and conveying 
problem solved through 
the use of . 


DIAMOND ROLLER CHAINS 


Packaging cans from 31% ounces to one quart sizes in 
single or double file and in cartons of from 2 to 12 units 
is an easy job for this versatile new Cluster-Pak* and 
its revolutionary cartons requiring no glue or staples. 

The design of the machine incorporates Diamond 
Roller Chains for precision timing, power transfer and 
conveying. High output, dependable, low cost operation 
is essential—there can be no substitute for uniform 
highest quality Diamond Roller Chains. 

On your machinery, Diamond Chain can simplify and 
improve design, permit easier, faster fabrication and 
assure outstanding performance . . . Diamond Engineers 


will gladly help you solve drive and conveying problems. 
*““Cluster-Pak”’ is the registered trade mark of the Atlanta Paper Company 





ALWAYS PRELOADED For many, many years, Diamond 
Chain has been preloaded after assembly for the purpose DIAMOND CHAIN COMPANY, Inc. 
of bringing pin-bushing seating into stabilized relationship a a a nits 

prior to field installation. Where High Quality is Traditional 


Dept. 435, 402 Kentucky Ave., Indianapolis 7, Indiana 
Offices and Distributors in All Principal Cities 
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Outt- Rated Lietime Jeane 





REDUCE OVERHEAD CRANE DRIVE COST 30%. 


Old gear train at left islarge, cumbersomeand inflexi- 
~le. At right Foote Bros., designed gear train using 
Duti-Rated Gears—compact, light and efficient. 





l007 more capacity-257 lees weight -287. less size 


Ordinary commercial gearing in the traversing drive 
for an overhead, traveling crane system was bulky 
and had to be set at a space wasting 45° angle to save 
head room. Foote Bros. designed a special trans- 
mission system using Lifetime Duti-Rated Gears, 
permitting the application of smaller gears for the 
same capacity, allowing shorter center distances and 
a much more compactly designed drive. 


The savings in space not only improved the design 
and performance of the overhead crane but also life 
expectancy. Maintenance requirements were greatly 
reduced. An outstanding feature of the new drive was 


This trademark 
stands for the finest 


ser FOOTE? BROS 


that the Duti-Rated Gears could be interchanged 
on the same centers to change the ratios . . . allowing 
various speeds, fast and slow, for traversing. 


This is only one example of what Duti-Rated Gears 
are doing in industry today. Extra gear capacity in 
less space . . . with longer life and lower costs . .. 
could be important to you, too. Call Foote Bros. 
today and learn all the advantages of Duti-Rated 
Lifetime Gearing . . . pre-engineered as standard or 
designed for your application. FREE! Foote Bros. 
Engineering Manual “Duti-Rated Lifetime Gear- 
ing”. Write _ your copy today! 











industrial gearing made! LIFETIME GEARING 


Boller Power Tra eooion 


Foote Bros. Gear and Machine Corporation 
4545 South Western Boulevard, Chicago 9, Illinois 


T.M. Reg. U.S. Pat. Off. 
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YOUR BIGGEST DOLLAR’S 
WORTH! 

Excellence of product, excellence 
of service, and the experience, in- 
genuity and dedication of the 
organization make Parker surface 
treatments for metals the biggest 
dollar’s worth in the field! 


@ The formulation is important in surface treatments for metals, 
Of equal importance, our customers tell us, are the extra services 
and qualities that are part of what you get with every barrel of a 
Parker surface treatment chemical. 


There’s over 40 years of experience in every Parker barrel... 
engineering service (without charge) to help fit the process into 
your plant . . . fast availability from plants located coast-to-coast 

. . experienced technical help (Parker service men average over 12 
years on the job) . . . continuing research which has pioneered 
developments in the field . . . quality control, process lab and test 
facilities which work to help customers improve their products. 


For the finest metal surface treatments, plus all these advantages, 
call in the Parker man in your territory. 


*Bonderite, Bonderlube, Parco, Parco Lubrite, Parker Pre-Namel — Reg. U.S. Pat. Off. 


PARKE; RUST PROOF COMPANY 
2193 E. MILWAUKEE, DETROIT 11, MICHIGAN 


BONDERITE BONDERITE and BONDERLUBE 
corrosion resistant aids in cold forming 
paint base of metals 


PARCO COMPOUND PARCO LUBRITE TROPICAL 
rust resistant wear resistant for friction heavy duty maintenance 
surfaces paints since 1883 
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NOW! 40-micron, self-cleaning filter 





It’s the new Cuno 





HOW IT WORKS. Dirty oil enters inlet (1) at left, fills housing 
(2) and flows through metal edge-type filter (3). Clean oil 
rises through center of filter, leaves at right. Dirt combed 
out by cleaner blades (4) is removed through drain (5). 





FILTER ELEMENT consists of stacked major and minor discs and 
cleaner blade bearing against minor discs. Smal] arrows show 
flow. Short restrictions between minor and major discs stop 
40-micron particles but allow high flow rate. 








ENGINEERED FILTRATI 


Removes More Sizes of Solids From More Kinds of Fi 


SUPER Auto-Klean 


Cuno’s new SUPER Auto-Klean is the first practical, com- 
pact micronic filter for lubricating oil, hydraulic fluid, coolant, 
fuel, and other industrial fluids. 


Many times smaller than other micronic filters of equal ca- 
pacity, Cuno’s new SUPER Auto-Klean filter now makes 
possible economical, micronic filtration at high flow rates 
and eliminates the need for replacement cartridges in most 
cases. Here’s what it offers: 

1. Full-flow 40-micron filtration with a self-cleaning filter. 
Positive protection against particles larger than 40 microns 
(actually 0.0015 in.). All-metal filter can’t rupture or channel. 
2. Easy cleaning. Just turn the handle—by hand or continu- 
ously with motor drive. No interruptions for cleaning. 

3. No cartridge changes. Ends operating costs if you've been 
using cartridge filters. 

4. Low pressure drop, ne pressure drop build-up. An 8” b 
2k” SUPER Auto-Klean filters 30 gpm of 200 SSU oil wi 
only 3 psi pressure drop—up to 75% more with slightly 
higher pressure. 

5. High capacity in a small package. Many times smaller 
than replaceable-cartridge type filters of equal capacity, it 
saves with lower initial costs, lower installation costs. 

6. Easy to build into new equipment. Available for line-type 
housings (left) or incorporation in sump or reservoir (below.) 
Works in any position. 

7. Easy to install in old equipment. Fits existing Auto-Klean 
housings. You can easily replace most 2%” diameter elements 
with SUPER Auto-Klean for finer filtration. 


Write today for complete technical data on the new 
SUPER Auto-Klean for your new or existing equipment. 
Ask for Catalog No. SAK-057. Cuno Engineering Corpora- 
tion, 14-2 South Vine Street, Meriden, Connecticut. 59 


17 


FILTERS FOR INTERNAL PIPING (A and B above) allow stream- 
lined design plus the best infiltration. Flange mounting with 
external outlet (C above) and line-type (large cutaway above 
left) are just a few of many other possibilities. 








AUTO-KLEAN (edge-type) » MICRO-KLEAN (fibre cartridge) » FLO-KLEAN (wire-wound) * PORO-KLEAN (porous metal) 
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-&,.. § ALLIS-CHALMERS 


‘CONTROL: 


™ FPR]! 


Control Problem? 


As MANUFACTURERS Of a large and diversi- 

fied line of major industrial equipment, 
Allis-Chalmers has been called upon to 
solve thousands of control application 
problems in practically every industry. 
This specialized experience in coordinating 
power utilization is yours when you specify 
Allis-Chalmers control. 


Control for every ac application 

Allis-Chalmers offers an extensive line of 
manual and magnetic control to meet 
every condition of motor operation. Con- 
trol functions, varying with specific job 


requirements, include full or reduced volt- 
age starting, acceleration, speed control, 
reversing or non-reversing, and dynamic 
braking. 


Custom protection 

Built into all Allis-Chalmers control is the 
type and degree of protection dictated by 
the application. Controls are available in 
general purpose and special cabinet, in- 
cluding water-tight, dust-tight and explo- 


sion-proof enclosures. A-A516 


For complete information on any specific control 
problem, call your nearby Allis-Chalmers represent- 
ative or write Allis-Chalmers, Milwaukee 1, Wis. 


ALLIS-CHALMERS 
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The world’s largest 





opens a new era of 


AsouT one year ago, the largest die-casting 
machine in the world was completed and put 
into operation by Doehler-Jarvis Division of 
National Lead Company in cooperation with 
Kaiser Aluminum & Chemical Corporation. 

Recently, the huge machine successfully 
produced the largest aluminum die-casting 
ever made—a six-cylinder in-line engine block 
weighing about 130 pounds less than a similar 
gray iron block. 

The successful production of such a large 
and complex die-casting points the way to the 
design of large and economical die-cast alumi- 
num parts for many industries. 

Such parts would benefit from all the ad- 
vantages of the die-casting process, which is 
inherently suited for mass production of parts 
requiring close dimensional tolerances, smooth 
surfaces, clean and sharp detail and thin metal 
sections. 

It is also possible to cast many details to size 
on the large press. In many cases, this elimi- 
nates the need to drill holes and other machin- 


¥ 


a : kgitey 
igs 


. 





BR a 


"Se 
‘ 





Machine open with dies for aluminum engine block in place. 
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ing operations. Threads may often be cast to 
size, thus eliminating a threading operation. 
Cast-in metal inserts are readily included in 
die-castings. 

Overall dimensional accuracy is another fea- 
ture of die-castings that is important to many 
parts. This reduces the amount of finish allow- 
ance when parts are machined to a prescribed 
overall dimension. 

In addition, die-castings are generally lighter 
in weight than the equivalent parts made in 
sand or permanent mold, because thinner metal 
sections and less draft are permissible. 

The metal quality of die-casting is more uni- 
form than in a typical sand casting. Therefore, 
service life is more uniform. 


Product designers and engineers should in- 
vestigate this new Doehler-Jarvis Division of 
National Lead development in aluminum die- 
casting without delay to see if your existing or 
new designs can take advantage of the new 72” 
machine. 





Aluminum engine block being lifted from die after cast. 
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die-casting mac 
product design! 


If you need assistance with aluminum... 


Let us work in partnership with you. We are eager to share our knowledge 
of aluminum and engineering skill. Development engineers will gladly 
provide engineering service and counsel on design and alloy selection 
which may give you a better product at a lower cost. Kaiser Aluminum 
& Chemical Sales, Inc., General Sales Office, Palmolive Bldg., Chicago 11, 
Illinois; Executive Office, Kaiser Bldg., Oakland 12, California; DETROIT 
OFFICE, 1414 Fisher Bldg., Detroit 2, Michigan, Phone Trinity 3-8000. 


Kaiser Aluminum 


setting the pace—in growth, quality and service 
Engine blocks were die cast by Doehler-Jarvis. : 
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The valve 


PRESSURE 
RANGES 
Psi 





35-200 





0-250 








0-250 




















Single 
solenoid Speed 
King shown. Single 

and double solenoid 
types in 4%, ¥%, Ya, % and 
1” pipe sizes with foot or 
sub-base mounting. 

All air valves bubble- 
tested under water. 
*Water pressure 

range 50-125 psi 





See us af the 


ASTE Show 


Chicago 


International 


alvair 


Amphitheater, 


MARCH 19-23 
Space No. 130 


aan 





NO COIL BURNOUT 


it likes ompared 





Compare the Speed King—by Valvair—with any valve. 
Check its design, features, materials of construction, 
and workmanship. 

Be critical — check performance. For that’s where the 
Speed King really scores. Up to 600 cycles per minute. 
And users report Speed Kings are still delivering satisfactory 
performance after 20 million cycles. What's more, 
Speed Kings are guaranteed against coil burnout 
for the life of the valve. 

No matter what your requirements in air, hydraulic or 
vacuum control valves . . . compare and you'll specify 
Speed Kings — by Valvair. They perform better longer. 
Futhermore, immediate deliveries can be made from stock. 
Valvair Corporation, 454 Morgan Avenue, Akron 11, Ohio. 


* Cleveland « Cranford, N.J. * Dayton * Denver °* 


Representation In: Baltimore « Birmingham « Boston « Buffalo « Charleston, W.Va. « Chicago 
Detroit . Eureka, Calif. « Houston « Kansas City, Mo. « Logansport, Ind. « Louisville « Minneapolis * S. Pasadena * Philadelphia © Pittsburgh * 
Portland « St. Louis ~ Seattle + San Francisco « Syracuse « Montreal « Toronto + Vancouver 
—ITEM 218— 
86 For More Information Circle Item Number on Yellow Card—page 19 MACHINE DESIGN 








XUM 





MACHINE DESIGN 


FEBRUARY 23, 1956 


Broadening the Engineer's Horizon 





mY NE of the minor gripes of engineers 
is aimed at the lack of opportunity 
"to attend professional meetings. 


Perhaps some management people are a 
trifle short-sighted in this respect. 

It is true that the programs of many 
engineering meetings may not seem to of- 
fer specific help in solving current prob- 
lems. It is also true that papers presented 
at meetings usually can be obtained in pre- 
print form. So, why spend money to send 
a man to the meeting? 

Such an attitude is indeed short-sighted. 
It fails to recognize the most important 
benefits accruing to a company which sends 
its men to national meetings. Mixing in- 
formally with feliow engineers from other 
companies and states, and participating in 
as well as listening to technical discussions, 
help broaden a man’s perspective and de- 
velop him as a well-rounded professional 
operator of increasing value to his organ- 
ization. 

This spring, design engineers can look 
forward to at least two national meetings 
specifically tailored to their interests. On 
April 10 and 11 the Machine Design divi- 
sion of ASME will hold a conference in 
Worcester, Mass. On May 14 to 17 the 
same group will sponsor a conference to 
run concurrently with the Design Engi- 
neering show in Philadelphia. Of course, 


nonmembers of ASME are cordially wel- 
come at both meetings. 

Of particular and unprecedented interest 
are the Design Engineering show and con- 
ference in Philadelphia. For the first time 
in history an exposition has been planned 
to meet the specific needs of design engi- 
neers. Components and materials intended 
for incorporation in machines, appliances 
and equipment will be on display. And 
manufacturers’ people will be on hand to 
discuss with engineers the potential uses 
of their products in applications of current 
significance. 

Conference sessions, to be held each 
morning before show opening time, are 
being planned to have wide appeal. We 
have some personal interest in the con- 
ference, having been appointed to the pro- 
gram committee along with the editors of 
Product Engineering, Electrical Manu- 
facturing and Materials and Methods. 

To the benefits already outlined, this 
event adds the very tangible advantages 
of contact with suppliers of “hardware.” 
Such contacts might well lead to substan- 
tial savings of engineering time and ex- 
pense. 

Here is an opportunity for design en- 
gineers to get out and rub shoulders with 
the rest of the engineering world, both 
professional and commercial. 


hi, Catmslal 


EDITOR 











r I NHE MODERN high-powered digital com- 
puter, by virtue of its extremely high speed 
and practically unlimited data storage ca- 

pacity, is causing a major change in the design 

philosophy in many engineering departments. The 
complete design of certain products, from customer 
specifications to shop manufacturing information, 
can now be performed automatically by such com- 
puters. 

However, before any digital computer can be 
employed to design parts, equipment or complete 
machines, the design methods and associated data 


In general, a digital computer can be or must 
be programmed to design equipment in accordance 
with the same design philosophy followed by an 
experienced engineer. Basic specifications of size, 
performance, etc., are used to calculate a set of 
initial input parameters by means of empirical 
formulas. Often the formulas may be based upon 
previous models of a similar design that have 
been built and tested. 

The input parameters are used in the design 
method to determine a set of performance char- 
acteristics. Then, the calculated characteristics 
are compared with performance characteristics 
specified. If the calculated characteristics are not 
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a Digital Computers 


must be converted into a form the computer can 
accept. This conversion process or programming 
can be a time-consuming job. But once it is pro- 
grammed, the high-powered computer can calculate 
many variations of the same design, and select 
the best from the standpoint of performance, cost, 
etc., in a matter of a few minutes. This facility 
is possible with a high-powered digital computer, 
such as the above IBM unit, because of its ability 
to follow a self-contained convergent trial-and- 
error iterative calculation procedure without any 
external consultation or supervision. 


within the tolerance limits of the design specifica- 
tions, the input parameters are modified and the 
calculation process is repeated until an acceptable 
design is obtained. 

Organizing the design method and associated 
data for the computer requires that a flow chart 
be developed and a complete step-by-step math- 
ematical outline be made of the method. The flow 
chart is a graphical representation in block form 
of the design procedure. 

First, a general block flow chart is constructed 
to illustrate the major accomplishments of the 
computer program and any iterative loops, Fig. 1. 
Next, a separate block flow chart for each major 
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By Marshall Middleton Jr. 
Analytical Dept. 
Westinghouse Electric Corp. 
Pittsburgh 














Working at fantastic speeds, 
both digital and analog com- 
puters—large and small—are 
proving their worth every day 
in disposing of all kinds of com- 
putational chores. Months or 
even years of calculations are 
being compressed into minutes 
or days. 


Computers can and are being 
increasingly put to work in vari- 
accomplishment in the general flow chart is con- ous phases of design. 
structed. It graphically represents every operation 
and logical auton ple in the ieateatiied : But the Gnewers computers 
outline, Fig. 2. The step-by-step mathematical out- give obviously are only as good 
| line must contain the mathematical relationships as the design formulas fed to 
| of all equations, curves, etc., to be used in the de- them. And the choices some of 





| sign method. Also, the designer must record in them can make are no wiser 
| logical sequence all the decisions made during the than the criteria established by 
course of a design. the designer. 


Fulfilling this last requirement is by no means 
a simple matter. The design engineer must rely 
on all his ingenuity and design intuition to develop 
a set of rules for modifying the input parameters 
whenever certain calculated performance charac- 


This article shows how high- 
powered digital computers are 
being used in the high-speed 
design of lines of equipment 


teristics do not meet design performance specifica- that 
tions. Based on a specific performance disagree- 1. Must satisfy a variety of 
ment pattern, the designer must determine which customer performance require- 
input parameter to change and in which direction. masts 

This setting-up of choices requires a careful and 
extensive study of the design process, but is 2. Are subject to a number of 
essential in designing products over the entire complexly interrelated physical 
range of possible product ratings, sizes, etc., with laws or equations. 


a computer. 

The flow chart and the mathematical outline are 
used to program or convert the mathematical re- 
lationships and logical decisions of the design meth- 
od into the basic computer operations. Actually, 
a high-powered digital computer is capable of per- only. 
forming only simple logical and arithmetical oper- 
ations. Its tremendous advantage stems from its 
ability to perform these simple operations at in- 


3. Are built from a variety of 
types of components, many of 
them standard and, hence, 
available in discrete increments 
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credible speeds. Hence complex lengthy math- 
ematical equations that are expressible in terms 
of the basic arithmetical operations—addition, sub- 
traction, multiplication, and division— can be 





Basically, any high-powered digital computer 
consists of four main components: input, output, 
storage and arithmetic units. 

Information can be read into the computer on 
paper tapes, punched cards or magnetic tapes. 

Results of a computation can be obtained from 
the computer on paper tapes, punched cards, mag- 
netic tapes, a cathode-ray tube screen, or printed 
on paper. 

Data and instructions can be stored in the com- 
puter in magnetic cores, on magnetic drums or 
magnetic tapes. Because of the high speed with 
which information can be read to and from the 
magnetic-core storage, it is used in conjunction 
with the arithmetic unit. Programs are stored in 
block form on the magnetic drums or tapes and 
are read in this form into the magnetic-core stor- 


A modern high-powered digital computer is 
capable of performing over 80 simple arithmetic 
and logical operations. Hence, each mathemati- 
cal expression in every design equation must be 
reduced to one or more of these simple basic oper- 


Fig. 1—Typical block flow diagram used for 
programming digital computers for complicated 
equipment designs. This one provides com- 
puter design data for power transformers 
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DIGITAL-COMPUTER ELEMENTS 


solved in a reasonable period of time. 

After the program has been written for all the 
design equations and their associated logical de- 
cisions, this information is read into computer. 





ages whenever the computer is required to ex- 
ecute that particular program. 

High-speed storage registers, multiplier-quotient 
register, instruction register and the accumulator 
combine to form the arithmetic unit. 

The high-speed storage registers hold the in- 
formation involved in current calculations. The 
multiplier-quotient register contains the multi- 
plier in any multiplication operation and is the 
register in which the quotient is developed during 
a division. The instruction register contains direc- 
tions for the computer operation. Over-all instruc- 
tions are stored in sequential storage locations 
and are executed in the same order. The accumu- 
lator is an adding register in which the sum or 
difference of any two numbers can be obtained. It 
is also used to hold the dividend in division. 


ations. If the mathematical expression involved 
is not included in the existing computer opera- 
tions, then it must be reduced further or ex- 
pressed in another form. For example, the design 
equation might require the square root of the 
number, A. Finding a square root in conventional 
fashion is not one of the basic digital-computer 
operations. However, a square-root can alternately 
be expressed by the convergent iterative equation, 


=~ (x. +-,-) 


where N, is the ith approximation of the square 
root of A, and N; , , is the (4 + 1)th approxi- 
mation of the square root of A. Every operation 
in this equation is included in the basic digital 
computer operations. When this set of operations 
has been programmed, it is usually stored in some 
portion of the computer memory. Such a program 
is called a subroutine. Henceforth, whenever this 
same expression is required, use may be made of 
the existing general program. 

In a general block flow diagram of a design 
process, the square-root operation would appear 
as shown in Fig. 2a. This same subroutine is ex- 
panded by the computer programmer to the form 
illustrated in Fig. 2b. Blocks 1 through 7 are 
operations of basic arithmetic, while Block 8 is 
a decision (logic) element. If the results of the 
calculations of Block 7 are not equal to zero, the 
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computer returns to Block 1 and repeats the 
sequence of operations until N; , , — N, = 0. 
The computer goes to the next instruction when 
the subroutine result is equal to zero. 

This square-root subroutine illustrates the mean- 
ing of the flow chart and the steps necessary to 
reduce a mathematical operation to the basic 
digital computer operations. 

Although digital computers can execute a pro- 





Certain lines of products are definitely more 
suitable for taking full advantage of high-powered 
digital computers than others. Large standard-line 
core-form power transformers and large induction 
motors are excellent examples. Transformers of 
this type are basically similar and, yet, almost 
all are custom designed. With the known practical 
ranges of performance, size, etc., programmed 
into a computer plus production limitations and 
manufacturing codes, final working electrical de- 
sign data can be obtained in minutes. At Westing- 
house, transformers have been designed with 
digital computers over a range of 750 to 20,000 
kva. Also, induction motors have been computer 
designed with ratings over a range of 200 to 
2000 hp. 


Transformer Design: The digital computer “de- 
signs” transformers using the same philosophy as 
that followed by an experienced engineer. Once 
the input information, such as kva rating, basic 
impulse level, temperature rise, etc., has been en- 
tered into the computer, it initially selects or as- 
sumes certain design parameters necessary to cal- 
culate performance characteristics. These char- 
acteristics are then compared with the specified 
guarantees. If calculated values exceed those 
guaranteed, the initial assumptions are revised 
and the process repeated until a favorable design 
is produced. 

A total of 16 subroutines are used by the com- 
puter to design a transformer such as shown in 
Fig. 3. Their relative operational position in the 
computer program is illustrated by the general 
block flow diagram in Fig. 1. The first subroutine 
includes all items generally specified by the cus- 
tomer, such as maximum temperature rise, wind- 
ing connections, impulse levels, etc. Subroutines 
2 through 10 deal with design parameters, which 
are the quantities to be varied in order to pro- 
duce an acceptable design. Subroutines 11 through 
14 represent the test criteria based on the specified 
guarantees. Subroutine 15 permits the computer 
to calculate the type and amount of external cool- 
ing equipment required to maintain the operating 
temperature of the transformer below the allow- 
able maximum. Weight and cost of the trans- 
former are determined with Subroutine 16. 
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gram in a matter of minutes, programming can 
be a major task in some instances. However, with 
a rational design process—and adequate effort— 
it can be done. Once written, these programs can 
be used for months or even years, except for minor 
revisions and improvements. 





The computer begins to obtain transformer de- 
sign data by first selecting a core size with em- 
pirical formulas based on kva ratings and the 
basic impulse level. High and low-voltage wind- 
ings are selected to complete the initial trans- 
former design in Subroutines 1 through 10 in 
Fig. 1. The design is next checked for impulse 
strength in Subroutine 11. If the initial design 
fails to meet the impulse strength criterion, cor- 
rective changes are made in the proper design 
parameter and the test applied again. The opera- 
tion is repeated until the impulse strength crite- 
rion is satisfied. 

The iron and copper losses are than calculated. 
The maximum allowable iron loss for a given 
core size can be obtained by programming to ob- 
tain the maximum allowable induction. The copper 
loss is varied by increasing or decreasing the size 
of the wire in the proper winding. When these 
two results satisfy the guarantees, the impedance 


Fig. 2—Subroutine in a general block flow 
diagram for calculating the square root of A 
is shown in a. In 6} is the expanded form of 
this subroutine showing the seven arith- 
metic steps and the one logic step involved 
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Fig. 3—Power transformer which has been 
programmed for automatic design by digital 
computers. Once performance, size, etc., have 
been programmed into a computer, it can pro- 
vide working design data in a few minutes 


is calculated in Subroutine 14. If the calculated 
impedance does not correspond to the guarantce, 
the physical proportions of the existing design may 
be changed or a new core size selected. The latter 
alternative means that an entirely new design 
must be made. After the proper impedance has 
been obtained, cooling, weight, and cost are cal- 
culated to complete the transformer design. 


Induction-Motor Design: Thus far, only stand- 
ard-line induction motors are being designed by 
digital computers at Westinghouse. This line uses 
a discrete number of frame sizes which have de- 
finite stator and rotor diameters, slot dimensions, 
air gaps, etc. 


Saving of design time is the most obvious ad- 
vantage in the foregoing applications of digital 
computers. But another corollary factor is of 
prime importance, also. The computer aids ex- 
haustive study of each design to make certain 
that performance specifications are being satisfied 
at minimum manufacturing cost, and with no 
delay. 

Also, computers can be used in the analysis of 
test data from a new line of products to determine 
the best relationship of design parameters to per- 
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Again the trial-and-error process is employed. 
The computer first calculates an initial D?L value 
from an empirical equation based on horsepower 
and pull-out torque. The D?L value is an arbitrary 
design parameter used to obtain a first approxi- 
mation of machine size in terms of diameter and 
length. The computer is programmed to select a 
diameter starting with the smallest frame size 
and obtains a length based on the calculated D?L. 
If the determined length lies outside the range of 
lengths specified on that particular frame size, the 
next frame diameter is selected and the process 
repeated. 

When an acceptable rotor length is obtained, 
the temperature rise of the rotor during starting 
is calculated. Temperature rise tells whether there 
is sufficient slot volume to prevent the damper 
bars from overheating during starting. The length 
is increased by small increments until sufficient 
volume is obtained. 

With a suitable diameter and length estab- 
lished, the associated induction-motor constants, 
such as the iron depth below rotor and stator slots, 
the iron area between adjacent rotor and stator 
teeth, etc., are calculated for use in the various 
performance equations. 

At this point, a flux density is calculated by 
equating one of the performance equations to 
its required design guarantee. This density is then 
substituted into the remaining performance equa- 
tions to determine the remaining characteristic of 
the particular motor. 

If the calculated density when substituted into 
the remaining equations fails to produce a result 
that meets the required design specifications, a new 
flux density is obtained and the calculation re- 
peated. If there exists any one density or set of 
densities that satisfies all the performance require- 
ments, an acceptable design results. If no density 
satisfies all of the performance criteria, the length 
is increased and the process repeated. When a 
suitable density is established, a winding is select- 
ed that will produce the required density at the 
proper line voltage. 


formance characteristics. Thereby basis is pro- 
vided for the best design possible. 

Perhaps in the long run the greatest gain is 
measurable to designers themselves. Computers 
serve to extend their capacities by taking over 
time-consuming and often tedious computations. 
Time so gained can be put to use on other more 
creative work, often to a designer’s personal ad- 
vantage. And each increment of engineering time 
saved by computers goes a bit of the way in ex- 
tending available engineering manpower. 
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Consrant FLOW RATES are assured by 
a diaphragm-and-orifice design that auto- 
matically compensates for inlet pressure vari- 
ations in a flow control valve manufactured 
by the Hays Mfg. Co. The 
diaphragm, which is made 
of Neoprene synthetic rub- 
ber, is freely mounted in 
a bronze orifice with a 
broad shallow V-cut and 
a narrow notch. 

As inlet pressure in- 
creases, the synthetic-rub- 
ber diaphragm flexes into 
the broad V of the orifice 
reducing the opening and 
throttling flow. When 
pressure decreases, the di- 
aphragm relaxes and the 
opening is enlarged to 
maintain constant flow 
rate. 
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Designing with Nylon 





Practical recommendations 
for engineering design of 
nylon parts 


Part 1—Working Stresses; Time and Environmental Effects 


By A. J. Cheney 
Polychemicals Dept. 


E. |. du Pont de Nemours & Co. Inc. 
Wilmington, Del. 


laws and the same rules for good design as 

other materials. Properties to consider and 
values to use depend not only on the material but 
also on the application itself. It is necessary to 
know or have a reasonable estimate of what the 
end-product must do and under what circumstances 
it functions. Then plastic parts or objects—in- 
cluding nylon parts—can be designed to meet per- 


or are affected by the same physical 


formance specifications just as successfully as 
parts made of any other material. 

Let’s look at basic principles of machine de- 
sign and the properties of nylon plastic needed to 
solve most design problems. Properties given are 
for Zytel 101 (formerly FM 10001), the type most 
commonly used for mechanical applications. 


Failure Criteria: Much of design may be defined 
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as a search for potential causes of failure—so that 
the cause of failure can be eliminated. An object 
or part may fail by: (1) breaking, (2) deforming, 
(3) wear, or (4) chemical attack. Normally, for 
a given application, only one of these factors is 
limiting; it determines the design. 

Let’s examine the first two causes of failure. A 
part under load breaks when the stress developed 
at some point exceeds the strength of the mate- 
rial there. It fails by deforming when the deforma- 
tion results in the part not being able to function 
as required. 

On a stress-strain curve, stress is measured in 


pounds per square inch, and unit deformation, or 
strain, in per cent or in inches per inch. A typical 
stress-strain curve for nylon is shown in Fig. 1. 

As tensile stress on the test bar is increased, 
the strain or elongation increases proportionally 
up to approximately 3000 psi. At higher stresses 
the elongation becomes proportionally greater un- 
til at the yield point the bar elongates under no 
additional load. 

The yield point for Zytel 101 is 8000 psi at 25 
per cent elongation. Beyond the yield point, the 
test specimen necks down which results in a high 
elongation before rupture. In spite of the reduction 


Table 1—Strength and Deformation Calculation Example 


Vertical pins are to be designed for use in 
a commercial dish washer conveyor. They will 
be exposed to water at a maximum tempera- 
ture of 180 F. The pins should be 4 in. high to 
hold the trays and dishes vertical for draining 
and could have a maximum sideways (canti- 
lever) load of 10 Ib each at the top. What size 
pin should be used? 

Properties of Zytel 101 in water at 180 F 
are: tensile strength, 4500 psi (Fig. 2); and 
modulus of elasticity, 40,000 psi (Fig. 3). With 
a safety factor of 4, the working stress = 
4500/4 1100 psi. 


Round Pin: Assume that a round pin will be 
used. To design for strength, the bending equa- 
tion (concentrated load) for a cantilever beam is 


Fl 
Fl = SZorZ - 
8 
where Z section modulus, in.*; F = force, lb; 
l moment arm, in.; and 8S working stress, 
psi. Then Z 10(4)/1100 = 0.036. 


For a round cross section, the section modulus 


where D diameter of the pin, in. Since Z 
0.036-in.5, the diameter of the pin D = 0.72-in. 
Deflection for a round beam 


FI 
3EI 


where Y deflection, in.; EB modulus of elas- 
ticity, psi; and J moment of inertia, in.* Mo- 
ment of inertia for a circular cross section, 7 
7 D*/64. 
For this pin, 7 a (0.72)4/64 0.013-in.* 
Then deflection Y 10(4)%/3(40,000) (0.013) 
0.41-in. 
t This high deflection emphasizes that with such 
: parts the deformation may be the limiting fac- 
tor rather than the strength, and deflection 
should be checked. 


Other Shapes: A round pin is not the most 





\ 
* 
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economical structure to resist bending; a rec- 
tangular or I-beam section would be stiffer. 
There is room in the conveyor for such a sec- 
tion but the maximum dimension in the direc- 
tion opposing the force is 1% in. 

Assume that a deflection of %-in. is accept- 
able. Then the thickness of a rectangular sup- 
port can be found by solving for the moment 
of inertia, J, in the equation for deflection: J 
= FBSEY = = 10(4)3/3(40,000)(0.125) = 
0.043-in.4 

Thickness of the support can then be deter- 
mined from 








bh3 12] 
I= or b= 
12 hs 
where b = thickness, in.; and h = width. In 
this case, h = 1.25 in., and b = 12(0.043) /(1.25)8 
= 0.265-in. 


It can also be shown that an I-beam with 
4-in. thick webs having outside dimensions of 
0.412 by 1.25 in. will deflect the same as the 
rectangular pin. And if size of the round pin 
is recalculated for 0.125-in. deflection, diameter 
will be found to be nearly 1 in. 


Summary: For the three types of pins, with 
a permissible deflection of 0.125-in., sizes and 
amounts of material required are: 








Pin Size Material 
(in.) (cu in.) 
Round 0.97 diam 2.94 
Rectangular 0.265 by 1.25 1.33 


I-beam 0.412 by 1.25 (% web) 0.91 





The importance of shape selection on material 
cost (and performance) is apparent. In addi- 
tion, the I-beam section can be molded on a 
faster cycle. 

The injection molding process not only of- 
fers the opportunity to core out sections like 
the I-beam but also permits ribs to be used to 
strengthen sections at little additional expense. 
The part should be designed so that material 
is where it is needed. Then, if necessary, it 
should be modified to fit good molding practice. 


’ ” 
al 


MACHINE DESIGN 











XUM 


in cross-sectional area, the drawing strengthens 
the material so that the final break is usually at 
a higher stress— at 9300 psi calculated on the 
original area and 220 per cent elongation in this 
case. 

Stress-strain data tell two things—the strength 
of the material and how much deformation takes 
place at any given stress at this rate of loading. 
Here’s how these data can be used in practical de- 
sign work. 


Strength Calculations: As with most materials, 
no portion of a nylon object should be stressed 
beyond the yield point. For practical design work, 
even lower working stresses are used. 

The working stress can be found by dividing the 
tensile strength by a factor of safety to reduce the 
actual stress to a value below the yield point. The 
factor of safety for a given application depends 
upon (1) uncertainty in predicting performance 
requirements, and (2) seriousness of failure if it 
should occur. Normally, it is between 4 and 10. 

For example, if 14-in. ID tubing made of Zytel 
101 nylon resin is to carry air at a maximum pres- 
sure of 250 psi, what wall thickness is required? 
The equation for wall thickness of thin-walled 
tubing is 


28 


internal pres- 
= work- 


wall thickness, in.; P = 
inside diameter, in.; and S 


where t¢ 
sure, psi; D 
ing stress, psi. 

The type of loading and other end-use require- 
ments can be predicted accurately; however, a 
rather high margin of safety is required because 
a possible failure “would result in high mainte- 
nance costs compared to the cost of the tubing. 
Therefore, the factor of safety should be taken as 
8. Working stress is the tensile strength, 9300 
psi, divided by the factor of safety, 8, or approxi- 
mately 1200 psi. Thickness is t¢ = (250 x 0.5)/ 
(2 x 1200) = 0.052-in. 

Another typical stress calculation is shown in 
Table 1. 

Under different circumstances the factor of 
safety might be taken as 6 or 10. The same con- 
sideration is given to selecting a safety factor here 
as with metals or other construction materials. 


Deformation Calculations: When a load is ap- 
plied to any material, some deformation results. 
A part will fail if the deformation is large enough 
so that the part can no longer perform as required. 

Resistance to deformation, or the stiffness of a 
material, is measured by the modulus of elasticity 
—a higher modulus meaning that the material will 
deform less under a given load. By definition, the 
modulus is the slope of the stress-strain curve, 
Fig. 1, at lower stress values where the curve is 
a straight line, or stress divided by strain in this 
elastic region. For average air exposure and room 
temperature, the modulus of elasticity of Zytel 101 
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nylon resin is 200,000 psi. 

In the tubing previously calculated, the circum- 
ferential strain at a stress of 1200 psi will be 
1200/200,000 = 0.006-in. per in. 

The modulus also appears in calculations such as 
those used in determining the deflection of beams, 
Table 1. It is of much more value in design work 
than specific stiffness tests that are limited to 
certain shapes or mounting conditions. 

Obviously, from the stress-strain curve, modulus 
values cannot be used to predict deformation ac- 
curately at stresses beyond the straight-line por- 
tion of the curve—in this case at stresses above 
approximately 3000 psi. 


Environment: Properties of all materials vary 
with temperature. In addition, properties of nylon 
resin will depend upon moisture content of the 
polymer. 

Nylon will not deteriorate from exposure to 
either fresh or salt water. This has been demon- 
strated by many successful industrial applications 
and by its use in sports equipment such as fish- 
ing reels. However, nylon is hygroscopic; that 
is, it will absorb moisture from its surroundings 
until, in time, an equilibrium is reached. Thus, 
for average air exposure, Zytel 101 will absorb 
moisture until approximately 2.5 per cent by 
weight is moisture, while immersion in water in- 
creases the value to 8.5 per cent. 

In order to mold good quality parts, molding 
powder containing less than 0.3 per cent moisture 


Fig. 1—Tensile stress-strain curve for 
nylon (Zytel 101 conditioned to 73 F 
and 50 per cent relative humidity) 
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is normally used. Thus, the part as molded has 
a relatively low moisture content. It will then 
slowly absorb moisture until equilibrium is reached. 
These hygroscopic properties are similar to those 
of natural materials like cotton and wood, although 
the equilibrium water content of nylon resin is 
much less. 

Pickup of moisture after molding greatly im- 
proves toughness and impact resistance but re- 
duces strength and stiffness. Tensile strength of 
Zytel 101 for various temperatures and moisture 
conditions is shown in Fig. 2. Since strength is 
reduced at higher temperatures and moisture con- 
tents, the working stress used in design should 
be based on the tensile strength value at the maxi- 
mum temperature and moisture content expected 
during the life of the part. 

Similar data on the modulus of elasticity are 
shown in Fig. 3. The importance of selecting the 
correct modulus is apparent from the magnitude of 
the change with environment. A part will be twice 
as stiff as-molded as at equilibrium with average 
air conditions (air at 50 per cent relative humid- 
ity). On the other hand, for hot and wet applica- 
tions quite often encountered, stiffness or resist- 


Fig. 2—How moisture and tempera- 
ture affect tensile strength of nylon 
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Fig. 3—Change in modulus of elasticity 
with temperature and moisture content 
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ance to deformation is considerably less. 

When a change in properties due to the change 
in moisture content is important to the operation 
of a part, the molded pieces should be conditioned 
to a moisture content close to the expected equi- 
librium value. Then, particularly in air applica- 
tions, variations in the environment will cause 
little change because the rate of moisture absorp- 
tion or loss near to equilibrium conditions is very 
slow. Recommended methods for moisture con- 
ditioning will be discussed in Part 2 of this series. 

Increasing the temperature shortens the time 
to reach equilibrium but does not change the 
amount of water absorbed. For instance, 8.5 per 
cent will be absorbed by soaking parts in room- 
temperature water. The same amount is absorbed 
in boiling water, but the time required is much 
shorter. 


Compression and Bending: Tensile stress values 
are usually used as a basis for design of parts un- 
der other types of stresses. This applies equally 
well to nylon resin as demonstrated by Marin’, 
who showed that the magnitude of the deforma- 
tion under a given stress is essentially the same 
whether the material is under tension or com- 
pression, Fig. 4. Therefore, the modulus of elas- 
ticity can be used in compression and bending 
calculations. 


Deformation with Time: One design factor less 
frequently encountered with metals than with 
plastics is continued deformation with time—nor- 
mally called creep or cold flow. A part that is to 
be under a long-time stress must be designed so 
that deformation with time will not be excessive 
or so that fracture will not occur. For most design 
problems this can be accomplished easily. 

Creep-time relations for nylon at various stress 
levels have been determined.' Typical data for 
Zytel 101 nylon for both tension and compression 
are shown in Fig. 4. 

When stress is applied, there is first an elastic 
deformation which at 1800 psi would equal approx- 
imately 0.009-in. per in. Then there is a period 
of transitory deformation ending at 100 hr or less. 
Beyond this, the deformation is essentially a 
straight-line function of the time. 

One important fact apparent from these data 
is that the major deformation takes place in ap- 
proximately 24 hr. This fact is of particular value 
in setting up tests to check the performance of 
specific parts under load. Total deformation at 
the end of 24 hr will be approximately 75 per cent 
of that obtained at the end of 1 year. Creep after 1 
year is so small that for all practical purposes it can 
be neglected. Thus, short-term tests can usually pre- 
dict the results to be expected after longer periods 
under load. 

In short-term tests, moisture content of the ma- 
terial must be close to expected equilibrium con- 


J. Marin, A. C. Webber and G. F. Weissmann—*‘Creep-Time 
Relations for Nylon in Tension, Compression, Bending, and Tor- 
sion.’’ Proceedings, American Society for Testing Materials, Phila- 
deiphia. Vol. 54, 1954, Pages 1313-1329 


MACHINE DESIGN 





Deformation (in/in) 





ditions for the end use. 

Several methods for utilizing these data in de- 
sign work are possible. The most practical ap- 
pears to be to use a lower modulus value—depend- 
ing upon the time—in deformation calculations. 

For instance, in Fig. 4, the material has an initial 
modulus of 200,000 psi. In 100 hr, however, the 
material has behaved as though the modulus were 
114,000 psi. In other words, the deformation ex- 
pected in 100 hr for a stress of 1800 psi is 1800/ 
114,000 or 0.016-in. per in., and at 450 psi is 
450/114,000 or 0.004 in. per in. Differences be- 
tween the curves are well within experimental 
error. 

A reduced value for the modulus, used to com- 
pensate for the effect of time, can be calied an 
apparent modulus. A plot of the apparent modulus 
versus time for Zytel 101 nylon resin at moisture 
equilibrium with average air exposure is shown 
as a solid line in Fig. 5. Since modulus is inde- 
pendent of stress below 3000 psi, these values for 
apparent modulus can be used to determine total 
deformation for any stress below this value. 

Suppose a 44-in. thick section is to be under a 
compressive stress that may be applied continu- 
ously for a year. A maximum deformation of 
0.008-in. can be tolerated. What stress should be 
used in sizing this section? 

A deformation of 0.008-in. for a %4-in. thick 
section gives a unit strain of 0.008/0.25 = 0.032-in. 
per in. The apparent modulus at 1 year is 95,000 
psi. By definition, stress = modulus xX strain = 
95,000 x 0.032 = 3000 psi. Caution in use of 
this stress value would, however, be in order since, 
from Fig. 1, the stress-strain curve above 3000 psi 
is not a straight line so that allowance has to be 
made for additional deformation if higher stresses 
are used. 

Change with time for other values of the mod- 
ulus can be estimated safely by using the dotted 
lines in Fig. 5. For instance, in a hot and wet 
application, where the initial modulus might be 


Fig. 4—Creep-time relations for nylon 
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100,000, the bottom dotted line is an estimate of 
the apparent modulus with time. 

Questions are often raised about the amount of 
deformation that can take place before fracture 
will occur. For steady loads, the material will draw 
down, as previously described, so that very high 
elongations are usually obtained. Short-time creep 
tests at higher stresses, for instance, show the 
time to reach 50 per cent elongation is 47 hr at 
5000 psi, 1000 hr at 4500 psi, and is estimated to 
be 4.5 years at 4000 psi. Normally, a high defor- 
mation can be tolerated by the material—deforma- 
tion that will usually make the part inoperative 
before actual rupture occurs. 


Deformation Recovery: Cyclic tests on Zytel 101 
nylon resin have also been run!, with a stress ap- 
plied for 1 hr and then removed for 1 hr, that 
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Apparent Modulus (lOOOpsi) 


showed the rate of recovery from deformation. 
Deformation at the end of 1 hr at 1800 psi was 
0.0095-in. per in. When the stress was removed, 
the test piece recovered to a total deformation of 
0.002-in. per in. immediately. At the end of the 
l-hr rest, the deformation was down to approxi- 
mately 0.0005-in. per in. Repeated loading result- 
ed in the new deformation being superimposed on 
the remainder of the previous change. 

After three complete cycles, the total deforma- 
tion was 0.001-in. per in. Applying a stress of 1800 
psi again resulted in a total deformation in an 
hour of 0.0105-in. per in. At the end of an hour 
at rest deformation was slightly over 0.001-in. 
per in. 

Longer rest periods showed that the recovery 
continues but at a reduced rate. For instance, after 
four cycles at 1800 psi, as just described, the de- 
formation had reduced from 0.001 to approximately 
0.0006-in. per in. in 16 hr at rest. 

For design purposes, the maximum deformation 
to be expected can be calculated using the ap- 
parent modulus as determined by the total time 
under load. Thus for four 1-hr cycles at a stress 
of 1800 psi, the apparent modulus, Fig. 5, would 
be 160,000 for the 4 hr under load. The calculated 
deformation is 1800/160,000 or slightly over 0.011- 
in. This checks with the 0.0105-in. deformation 
actually measured. 

To be on the safe side, the immediate recovery 
upon removal of the load can be taken as 75 per 
cent of the total deformation. Most of the re- 
mainder will be recovered in a few days. Deforma- 
tion recovery where the load is applied at higher 
temperatures will have to be checked experimen- 
tally. 


Stress Relaxation: Another consideration in the 
design of parts like gaskets and bolted assemblies 
is that cold flow will result im a lowered stress 
with time. This same problem is encountered with 
metals but not to the same degree. 

For instance, a gasket of nylon resin might be 
bolted to an initial stress of 2000 psi on the gasket. 


Fig. 5—Apparent modulus of 
elasticity as affected by time 
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In an hour this stress will be reduced to approxi- 
mately 75 per cent of the original value because 
of cold flow and in 100 hr to 60 per cent. At the 
end of a year, the residual stress may be down to 
40 per cent of the original value. Temperature 
changes will, of course, result in a more rapid 
relaxation of stress. 

Several practical steps are available for gasket 
and similar problems. Confining the material, such 
as in grooves in a housing, will usually reduce the 
total motion that can take place. 

Sealing pressure on gaskets can be maintained 
by starting with a higher unit pressure or by using 
a tightening system. A second load applied over 
the first reduces the rate of relaxation. Therefore, 
if a gasket were tightened again after one or more 
days of service it might not need further atten- 
tion for months. 


Fatigue: Any material subjected to a varying 
load for a period of time will ultimately fail at a 
stress lower than the static strength. As the load 
is reduced it can be applied more times before 
failure occurs. The reversed stress (tension and 
compression) level where failure apparently will 
not occur is usually called the fatigue endurance 
limit. 

Fatigue endurance data is given in Table 2. 
These data were determined at 1800 cycles per 
minute with the maximum tensile and compressive 
stresses equal. 


Impact: Impact toughness, or the ability to 
absorb impact energy, is difficult to predict in a 
part because the shape has the major effect on 
performance. Understanding how a part resists an 
impact, however, will help in selecting a good de- 
sign. 

Energy of an impact has to be absorbed by a 
force developed in the part times a distance that 
the part can deform. Building flexibility into the 
part so that the distance factor becomes larger 
greatly reduces the force required to resist the im- 
pact. 

Thus, thin-walled flexible pieces like coil forms 
or the open end of tumblers are almost indestruc- 
tible by impact. On the other hand rigid corners 
supported in two or more directions or thicker sec- 
tions may be less tough because they cannot de- 
form enough to reduce the forces generated to a 
safe value. 

Relative impact test results obtained for several 
commercial plastics as compared to Zytel 101 nylon 
resin are reported in Table 3. These tests were on 
specific shapes and may not be indicative of results 
obtained with other shapes. Of major importance 
is the difference in the relative toughness as meas- 
ured by an actual end-use test compared to the 
Izod test. 

Both Izod and unnotched impact values increase 
with increased moisture content. Parts in equilib- 
rium with average air conditions will be twice as 
tough as those taken directly from the molding 
machine. It is important, therefore, that parts 
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exposed to impact loading be moisture conditioned 
after molding. 


Wear or Abrasion: A resilient material like nylon 
may deform under load and return to its original 
dimensions without wear. While several commer- 
cial applications have demonstrated this ability, 
it is a property difficult to predict for any specific 
new use. Properties relating to the use of nylon 
as a bearing material are discussed in Part 2 of 
this series. 

Taber abrasion tests showed that nylon loses 
from one-half to one-tenth the material that a 
number of other commercial plastics do under 
comparable test conditions. Ball-mill tumbling tests 
resulted in a weight loss less than one-tenth that 
of hard rubber, cast aluminum or inild steel. For 
these reasons, nylon makes a good lapping material 
for polishing dies, etc., because it will hold the 
abrasive and not wear away. 

On the other hand, where a cutting action 
takes place, nylon will be shaved away rapid- 
ly, as would be expected since it machines 
easily. A sharp edge like a knife normal to 
the surface will make a mark but will not neces- 
sarily result in the removal of material. For in- 
stance, conveyor sections moving under stalled 
cans or glass bottles will be marked but no ap- 
preciable material will be removed from the sur- 
face. 

The best procedure where performance cannot be 
predicted accurately is to test parts in the pro- 
posed application. 


Chemical Attack: All the environmental changes 
so far discussed are reversible; that is, if a part 
containing moisture is carefully dried, its proper- 
ties return to the original dry values. Conditions 
can be such, however, that the properties are per- 
manently changed. The conditions most frequently 
encountered are long-time exposure at high tem- 
peratures to oxygen and water, or exposure to 
various chemicals. 

OXIDATION: While Zytel 101 has a relatively 
high upper temperature limit for intermittent ex- 
posure, continuous long-time exposure to heat will 
result in oxidation and embrittlement of the outer 
surface in the presence of oxygen or air. 

For longer service life, a heat-stabilized com- 
position such as FE 2129 should be used for high- 
temperature exposure. An estimate of the ex- 
pected service life at various temperatures for 
Zytel 101 and FE 2129 is given in Table 4. Other- 
wise, for design work, the properties of FE 2129 
can be taken as the same as those for Zytel 101 
except for impact resistance, which is reduced ap- 
proximately one-half. 

Hypro.tysis: Neither fresh, nor salt water has 
any appreciable chemical effect on nylon at tem- 
peratures below 100F. At higher temperatures, 
water will slowly hydrolyze nylon until a lower 
molecular weight is reached. In time, an equi- 
librium is attained and no further change takes 
place. 
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For instance, boiling water exposure slowly re- 
duces the tensile strength until at 2000 hr it is 
6500 psi (tested at room temperature). The elonga- 
tion drops rapidly after 1500 hr. For most applica- 
tions a safe exposure time can be selected from 
the data in Table 5. 

Molded objects will hydrolyze only on the sur- 
faces exposed to the water. When the temperature 
varies, the time at elevated temperature must be 
estimated to get an idea of the actual change that 





Table 2—Fatigue Endurance Limits 








Moisture Fatigue 
Level Temperature Strength 
(FP) (psi) 
OD xk6.06 chet de 60s nnsesees ces 73 5000 
Average air exposure......... 73 3000 
Average air exposure......... 212 2000 





Zytel 101 nylon resin. 





Table 3—Relative Impacts Tests 








Izod Roller Repeated 
Plastic Impact Test! Impact? 
(ft-Ib/in. ) (in.) (in.) 
Zytel 101 nylon resins* ............. 2 35 30 
Styrene-butadiene copolymer ....... 2.3 3 2 
BD GUID on. oc ccccce ss cccossces 2.8 9 5 
Cellulose acetate butyrate .......... 7 40 7 
Styrene, butadiene and 

acrylonitrile terpolymer .......... 7 & 3 





‘Roller, 0.7-in. OD by 0.35-in. ID, hit on outer surface by free- 
falling 2.7-Ib weight. Height of fall required to cause a visible 
crack in one blow. 

"game roller test as in footnote 1, but height of fall necessary to 
cause failure in ten blows. 

*Conditioned to 50 per cent relative humidity. 





Table 4—High-Temperature Service 








Service Lifet—— 





Temperature Zytel 101 FE 2129 
(F) (hr) (hr) 
| POT TerT eT rire tee 1000 over 100,000 
200... rer Tre 250 over 100,000 
CR ererrrererrre rr Tr 60,000 
Ge iscaadnendsdgecsder oe 1500 





‘Under comparable end-use conditions. 





Table 5—Service Life in Water 








Water Exposure 
Temperature Time 
(F) (hr) 
DOP ben00 Un cééccnce sven teeaeeGeeccane 2 400 
TEP thc ccercces seen ees eebheesdd 6 etees 5 000 
160 bocce denseveneaneshadieeigehedre es au se 
140 000.02.00:006000 tb ad agiemenn’e wane eee 





1Estimated life, Zytel 101 nylon. 
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will take place. It has been demonstrated that in- 
termittent exposure is less severe than a single 
continuous exposure at the same temperature and 
the same total time. 

CHEMICALS: Nylon resin is particularly resistant 
to alkalies and organic solvents. Apparently it is 
not affected by nor does it affect lubricating oils 
and greases. Nylon can be used with dilute acids 
but not with strong acids or oxidizing agents. 

Formic acid and phenol are solvents for nylon. 
An aqueous phenol solution can be used as a ce- 
ment for bonding nylon to itself. 

Data for Zytel 101 after one month’s exposure 





Table 6—Effects of Chemicals and Solvents 








Chemical or Weight Tensile 
Solvent) Gain? Strength? Cause of Change 
(per cent) (psi) 
Sulphuric acid 
an «ateweecne 4.9 4 600 Chemical action 

30% ~—— 7.0 4 300 Same 

Sodium hydroxide 
ay See cenvses 4.9 9 000 Change due to moisture 

10% one enews 3.1 8 100 pickup only 
Ethanol 

, iter. 7.1 7 600 Same 

eee 4 8 000 Same 
Sodium chloride 

10% Serre 3.7 10 000 Same 
Ethyl acetate ...... 0.1 10 100 Change due to material 

absorbed 

Carbon tetrachloride .. 0.6 9 750 Same 
BOE. cee cceeces 0.6 10 000 Same 
BD caccccesssecee GG 10 100 Same 
RATROMD cccccescsccese GI 10 400 Same 





‘Immersion for 1 month 
‘Zytel 101 nylon resin 





Table 7—Solvent Crack Tests on Nylon 





— No Effect: ———_—— Had an Effect® 





Solvents Tested at 170 F 


1% Sodium hydroxide 50% Solution 


Saturated sodium caprolactam Lactie acid 


chloride Acetamide 5% Sodium hydroxide 
Toluene Nitrobenzene Ethylene glycol 
Heptane Ethyl propionate 
Mineral oil Furfural 
Lubricating oil Dimethyl aniline 

(SAE 20) Oleic acid 
Perclene Thiophene 
Butyl alcohol Castor oil 


Butyl acetate Cyclohexanol 


Xylene Cyclohexanone 

Shlorobenzene Cyclohexane 

Benzaldehyde Hydrogenated vegetable 

Aniline oil 

5% benzene in Ivory soap solution 
SAE 20 oil 


Dimethyl formamide Acetic acid 


Solvents Tested at Room Temperature: All solvents listed above plus 
Turpentine Cone. hydrochloric 
Benzene acid 

Bromine water 

2% Sodium sulfate 


95% ethyl alcohol 

Sarbon tetrachloride 
Acetone 

Chloroform 

Methyl pheny! ether 





On Zytel 101 nylon resin 
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to various chemicals are given in Table 6. A 
change in properties occurred due to exposure to 
sulphuric acid. In all the other cases, the change 
was due only to the absorption of the liquid pre- 
sent—either water or a solvent—and not a chem- 
ical action. 

In order to understand more clearly the effect 
of chemicals on nylon a solvent crack test was run 
on Zytel 101 with the chemicals listed in Table 7. 
A notch, 0.020-in. deep, was cut in a bar. The bar 
was then bent double with the notched side in ten- 
sion and inserted in a test tube with the solvent 
to be tested. No cracking failures occurred in 30 
days exposure at room temperature except for 
the sample in concentrated hydrochloric acid. 
At 170 F the samples in 5 per cent sulphuric acid 
and in lactic acid failed in 3 weeks. Also at 170 F, 
the bars in 5 per cent sodium hydroxide and ethyl- 
ene glycol softened in 5 weeks. The other chem- 
icals showed no effect. 


Outdoor Exposure: Certain nylon resins, such as 
Zytel 101, should not be used in applications ex- 
posed to direct sunlight for long periods of time. 
For such applications, a black composition, Zytel 
105 BK10 is recommended. It has the same phys- 
ical properties as Zytel 101 except for lower im- 
pact resistance, and it has excellent outdoor ex- 
posure resistance. 


Design of Components: Part 2 of this series will 
discuss methods of dimensional control, and design 
of nylon gears and bearings. This final article will 
appear in the next issue of MACHINE DESIGN. 


Anodizing Qualities of Aluminum 


NODIZING characteristics of various alumi- 
num casting alloys are rated on lightness of 
color, brightness and uniformity. An evaluation 
of appearance of anodized finishes for aluminum 
appeared in MACHINE DESIGN, May, 1955, Page 227. 
A revision announced by Reynolds Metals Co. 
brings these characteristics up to date. The ac- 
companying table lists the revised appearance 
characteristics. 


Anodizing Characteristics 








Permanent-Mold 
Sand Casting Alloys Casting Alloys Die Casting Alloys 
Alloy Rating Alloy Rating Alloy Rating 
(appearance) (appearance) (appearance) 
12 Poor 43 Poor 13 Poor 
43 Poor A108 Poor Al3 Poor 

108 Poor 113 Poor 43 Poor 

112 Good C113 Poor 85 Poor 

113 Poor 122 Good C214 Good 

122 Good A132 Poor 218 Excell. 

142 V. Good 138 Poor 360 Poor 

195 Good A142 V. Good A360 Poor 

212 Good B195 Fair 380 Poor 

214 Excell. A214 Excell. A380 Poor 
B214 Good B214 Good 384 Poor 
F214 Excell. 319 Poor 

220 Excell. 333 Poor 

319 Poor 355 Poor 

355 Poor 356 Poor 

356 Poor 382 Fair 
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Project Engineer Sanders Associates Inc. Nashua, N. H. 


N SELECTING a set of gears to satisfy certain 
iT kinematic requirements, the designer may em- 

ploy one of several methods. If the restric- 
tions (on the minimum or maximum number of 
teeth, their sum, difference, ratio, etc.) are not 
severe, he may refer to tables of decimal equiva- 
lents of fractions. 

On the other hand, when the imposed conditions 
are such that these tables offer little economy of 
effort, two other methods are frequently employed. 
These are based upon the properties of conjugate 
fractions (Brocot series) or upon the properties 
of continued fractions and their convergents. 

This article deséribes a “frame of reference” 
which provides a graphical method for the easier 
solution of ratio problems. Furthermore, it will 
demonstrate that the methods of continued frac- 
tions and conjugate fractions are two aspects of 
the same underlying mathematical reality. 


The rational plane is a concept based upon point 
lattices which are known and used in the theory of 
numbers. A two-dimensional point lattice is a sys- 
tem of somewhat regularly spaced points arranged 
in a plane. Considered specifically here is that 
lattice which is composed of the points (x, y) in 


Some Properties of Numbers 


: RATIONAL number can always be writ- 
ten as a ratio of integers and, conversely, 
every number expressible as the ratio of integers 
is a rational number. 
When a number in the form n/d, where n and 
d are integers, the number is of fractional form. 
erry When the number is expressed as a sum of 
» integral multiples of successive powers of 10, 
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a rectangular co-ordinate system whose co-ordi- 
nates are positive integers. This particular lattice 
may be called the rational plane, a term coined for 
this specific application. The origin of the plane 
is the point (0,0). The mutually perpendicular 
lines passing through the origin will be called the 
n axis and the d axis. 

In this plane every line passing through the 
origin represents a unique real number and every 
lattice point a rational fraction. 

The uses to which the rational plane may be 
put in the solution of gear train problems becomes 
more apparent by recalling some of the properties 
of numbers and the symbolic systems by which 
these numbers are denoted. This background is 
briefly filled in by the accompanying discussion 
(Some Properties of Numbers). 

Basic properties of the rational plane are formal- 
ly detailed in the remainder of this article. How 
the rational plane can be used in the solution of 
gear problems is demonstrated by an accompany- 
ing series of examples. 

A second article on this subject will show the 
useful complementary relationship of the rational 
plane to continued fraction convergents and conju- 
gate fractions. 





the number is of decimal form. Thus 1/8 and 
0.125 are fractional and decimal representations 
of the same number. These are by no means 
unique, since the same number is expressible 
in an infinity of ways as a fraction (1/8, 3/16, 
3/24, ... t/8t, ...) and in one alternate way 
as a recurring decimal (0.1249999 .. .). 

When » and d have no divisor in common, the 
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set of fractions tn/td (as t ranges through the 
positive integers) constitutes an equivalence 
class. Every fraction in the class is equal to 
the same rational number, and the class is com- 
monly represented by its lowest member n/d. 

A fraction, consisting as it does of two in- 
tegers, represents a rational number exactly. 

The decimal in principle also represents a 
rational number exactly, but unless the denomi- 
nator d of its fractional equivalent consists only 
of powers of 2 and 5, (that is, d = 2* X B, 
for any nonnegative integers, a and 8) the deci- 
mal does not terminate. In this case the deci- 
ma! will, after some certain digit, consist of the 
same group of digits recurring endlessly. 

If a decimal terminates or recurs, it repre- 
sents a rational number and, conversely, a ra- 
tional number is expressible as a terminating or 
recurring decimal. 


For practical computational purposes then, a 
decimal sometimes only approximates a rational 
number while a fraction is always exact. For 
example, for 3/7 = 0.4285142 ... , 0.4286 might 
be used and the error is 0.000028571428 ... 

The decimal representation has the advan- 
tage that a set of numbers can readily be ar- 
ranged in order of relative magnitude. There 
is no difficulty deciding which is larger: 0.692307 
or 0.691489. Yet it would take a bit of com- 
putation to make the same evaluation of their 
fractional forms 9/13 and 65/94. 

Irrational numbers, such as 7, e, log 2, and 
tan 60 degrees, are not exactly representable 
in fractional form. In decimal form they always 
appear as an infinite sequence of digits with 
no recurrent period. Conversely, an_ infinite, 
nonrecurring decimal represents an irrational 
number. 


Properties of the Rational Plane 











Property 1: Every fraction, n/d is represented once 
and only once in the plane by the point whose in- 
tegal co-ordinates are n and d. 





Property 2: A line drawn through the origin and the 
point n/d will contain all equivalent fractions tn/td 
(t = 1,2,3,. . .) amd no others. The point nearest the 
origin represents the fraction in lowest terms. 


Property 3: Any positive real number may be repre- 
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Property 4: The magnitude of the number is given by 
tany where 7 is the angle formed by the d axis and 
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Property 5: Consider the ray anchored at the origin 
and lying on the d axis. As it is rotated through the 
plane in a counterclockwise direction it contacts the 
fractions (points) in order of increasing magnitude. 


sented by a line, N, through the origin. If rational, 
it contains the points of its class of equivalent frac- 
tional representations. If irrational, N passes through 
no other point than the origin. 
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Property 6: The angular region between N, and N, 
contains all those fractions (n/d) whose value is be- 
tween N, and N,. 


All 5 such that 7 > M% 


n= 





All S such that 7< my 








d 


Property 7: The line =n, divides the plane into 
two regions. The one above the line contains all frac- 
tions whose numerator exceeds n,, while the region 
below it contains all fractions whose numerator is 
less than n,. The line n n, contains all fractions 
whose numerator equals n.. 











v 
v 
n fn 
All * such All 3 such 
n 

that 7 < d% that d>d, 

q, 
d 


Property 8: The line d=d, divides the plane into 
regions which contain the fractions whose denomi- 
nators are greater than, less than or equal to d.,. 
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All + such that 
ned>ft 


Alt 5 such 


that n+d<? 








Property 9: The line n + d=t intersects the d axis 
and m axis both at ¢t. It divides the plane into an in- 
ner triangular region and an outer infinite region. The 
inner region contains all fractions the sum of whose 
terms (n + d) is less than t, while on the line lie all 
fractions such that n + d = ft, and the outer region 
above the line contains those fractions the sum of 
whose terms exceed tf. 







All 3 such thot 
d-n>t 


All 2 such that 
d 
d-n<t 








-f 
Property 10: The line d — n = t intersects the d axis 
at d=t and the m axis at n= — t. Below the line 
are all fractions less than 1 whose denominator and 
numerator differ by less than t. Above it are all those 
for whom this difference is greater than t, and on 
for line d — n = ¢t are all those fractions whose terms 
differ by exactly ft. 





All , such that 
n-d>ft 






Ali 2 such that 
d 


n-d<f 


7 | 


Property 11: The line n — d = t intersects t on the n 
axis and — ¢t on the d axis and divides the plane into 
regions which contain the fractions greater than 1 
the difference of whose terms is greater than, less 
than or equal to f. 
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Applications of the Rational Plane 


Example 1 


Problem: The diametral pitch of oa 
pair of gears is given, and available 
space dictates that their center distance 
must correspond to a tooth sum no 
greater than 50 and no less than 45. 
The ratio, R, shall be within the limits, 
R = 0.486 +0.004. 

Solution: Draw the lines representing 
max R = 0.490 and min R = 0.482. 
All fractions intermediate in value lie 
within this triangular region. Draw the 
lines max (nm + d) = 50 and min 
(n + d) = 45. The area enclosed by 
these four lines contains two points, 
16/33 and 15/31. These are the only 
gear ratios satisfying the requirements 
of the problem. 








Example 2 





Problem: A pair of gears is required 
which will approximate the ratio, 
R = 1.06, each gear shall have more 
than 15 teeth and the tooth sum shall 
not exceed 45. 

Solution: The points close to the fine 
R = 1.06 within the region bounded 
by d = 15, n =15 and lying on or be- 
low n + d = 45 represent possible 
gear ratios. The closest are seen to 
be 18/17 and 17/16. By a criterion 
which will be established later, 18/17 
is the best approximation to 1.06 by 
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pair of gears neither of which has more 
than 40 nor less than 10 teeth. 

Solution: The points lying closest to 
the line R = OA1 within or on the 
boundaries of the square region formed 
by n = 10, n = 40,d = 10,d = 40, 
represent approximations to the de- 
sired ratio. Three candidates are found: 
16/39, 14/34, 11/27. Of these, 16/39 
is the best ratio. 
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Example 4 


Problem: The ratio of a pinion and an in- 
ternal gear must be between max R = 0.25 
and min R = 0.225. The center distance and 
the diametral pitch are known, and they dic- 
tate that the difference between the num- 
ber of teeth of the internal gear and the 
pinion be 48, that is, d — n = 48. The pinion 
shall have no fewer than 12 teeth and the 
number of teeth in the internal gear shall 
not exceed 65. Find a suitable gear ratio. 


Example 5 


Problem: The ratio, R, of an internal 

gear and pinion shall be not less than 
5.0 nor greater than 5.1. Their dif- 
ference, n — d, shall lie between the 
limits, 50 and 54. 
Solution: As in the previous problem, 
the lines representing the limits on R 
and n — d are drawn in the rational 
plane. Suitable ratios are found in 
or on the boundary of the region 
bounded by these four lines. Two solu- 
tions exist: 66/12 and 65/13. 





Solution: As in Example 1, the solution 
will be found within or on the boundary of 
the region bounded by R = 0.25 and 
R = 0.225. The fact that the pinion must 
contain at least 12 teeth, further limits the 
region to that on or above n = 12. Similar- 
ly, the area to the right of d = 65 is ex- 
cluded. Three fractions lie close enough to 
d — n = 48 to warrant attention: 16/64, 
15/63, and 14/62. Each of these satisfies 
the requirements of the problem. 


| | 


8? = 5.1538... 
(Exceeds limit) 


S& . 5.0769. 
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Points to consider in selecting 


Hydraulic System Components 


UNDAMENTAL simplicity and great flexi- 
F bility are two attributes of hydraulic systems 

that often permit a rapid first design ap- 
proach to a given set of requirements. Selection 
of specific components is, in turn, greatly aided 
by the relatively voluminous data available on the 
characteristics of all kind of cylinders, pumps, 
valves, etc. Also, the advanced theory and tech- 
niques needed for special control situations are 
being increasingly covered in the literature. 

But, design of the final system involves a host 
of choices based upon specific details. Often, selec- 
tion of the best option is dependent upon practical 
knowledge of how best to apply hydraulic force 
and how to discriminate in actual situations among 
available component types and details. 

To provide some help with these practical fac- 
tors in design, this article briefly summarizes 
points to be considered in the translation of a 
system concept into a final design. 

The sequence in which the final design is evolved 
ean influence the effectiveness of the attack upon 
the problem. In general, selection of components 


*Now vice president, sales and engineering, Cleveland Hydraulics 
Co.. Bedford Heights, Ohio 
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in the order listed at the head of this article is 
perhaps the most logical. 


Cylinders and Motors: A variety of cylinder de- 
signs is available, Fig. 1. Cylinder size is dictated 
by load, operating cycle and maximum working 
pressure, regardless of design or type. Diameter 
and stroke of the cylinder should be selected to 
establish a working pressure that will give maxi- 
mum over-all efficiency for the cycle of operation 
and keep heating of the system to a minimum. 
Generally, the lower the operating pressure, the 
less expensive the cylinder. Today, however, 
space and speed requirements generally favor 
small, high-pressure cylinders. 

In most cases a small-diameter, long-stroke cyl- 
inder is preferable to one of large diameter and 
short stroke. The small-diameter unit will result 
in less shock and lower inertia loads because the 
ratio of cylinder stroke to work movement is 
lower, Fig. 2. 

Inertia pressures are the impulse or surge pres- 
sures required to start or stop the oil and cylinder. 
Small oil lines or ports, poor cylinder construc- 
tion resulting in high sliding friction, and low 
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1—Cylinders and Motors 


2—Pumps 

3—Valves 
4—Connecting Lines 
5—Reservoirs 
6—Accumulators 


efficiency of the mechanism being operated all re- 
sult in high inertia pressures. Shock pressures 
are those created by the load reacting against the 
cylinder. These pressures are caused by sudden 
stopping of the cylinder, traveling of a machine 
over rough floors or terrain, or any reaction that 
greatly increases the load momentarily. High 
inertia and shock pressures result in the system 
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doing unnecessary work and are dissipated into 
the system in the form of heat. 

A cylinder installation providing direct lift is 
the most efficient. However, because of space limi- 
tations, it is often desirable that the lift or move- 
ment of the load be greater than the cylinder 
stroke. When, for such a reason, the lift ratio 
or ratio of load movement to cylinder stroke is 
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greater than 2:1 and the load is on one end of 
a pivoted frame or beam, it is advisable to make 
a detailed analysis of the lift cycle. The cylinder 
should be applied so that a minimum difference 
in operating pressures will result. If the ratio of 
lift to cylinder stroke is not more than 2:1, the 
use of cables or chains reefed over pulleys or 
sprockets, Fig. 3, will result in reasonable lift effi- 
ciency, and resilience of the cables will reduce 
inertia and shock pressures. Ratios higher than 
2:1 result in very low mechanical efficiency dur- 
ing operation. 

Where rotary oil motors are used instead of 
cylinders, greater inertia and shock pressures are 


Table 1—Cylinder and Motor Selection Guide 


1. Force or torque requirement of the load 
a. When starting with maximum load 
b. During normal running conditions 


to 


. Operating Speeds 
a. Minimum 
b. Maximum 
c. Normal 
3. Drive arrangement for motors 
a. Direct connection 
b. Through spur gears 
c. Through worm gears 
4. Service conditions 
a. Shock loading? 
b. No load starting ? 
c. Continuous or intermittent operation? 
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usually induced because the starting efficiency of 
an oil motor under load is very low compared to 
a cylinder. Hence, the oil pressure required to 
start the motor in motion is several times that 
of a cylinder. Usually, the oii motor must be run 
at higher speeds, producing faster piston or rotor 
movement. If the control valve is suddenly closed 
to stop the operation, the momentum of the load 
will produce very high shock loads. However, 
where the oil motor is driving a worm gear reduc- 
tion assembly, very little shock pressure is carried 
to the motor. 

Hydraulic motors can be classed as rotary cyl- 
inders. They perform an operation by transmit- 
ting continuous rotary power to a shaft. There 
are piston, vane, and gear type hydraulic motors 
in which the fluid under pressure causes the motor 
shaft to rotate. 

Ports in a cylinder or motor should be large 
enough to carry the maximum oil volume required 
for the desired speed of operation. Where the 
speed of piston movement is over 60 feet per min- 
ute, it may be necessary to use oversized lines to 
reduce the inertia pressures. The lower the dif- 
ference between working pressure and inertia pres- 
sure, the closer the relief valve can be set to the 
maximum working pressure. 

Maximum starting torque or force determines 
the size of the motor and the inertia pressure. 
Maximum speed required multiplied by displace- 
ment per revolution of the motor or per inch 
of travel of the cylinder determines the pump out- 
put requirement. 
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A check list of the requirements to be considered 
when choosing either a cylinder or rotary motor 
is presented in Table 1. 


Hydraulic Oil Pumps: The three types of pumps 
most commonly used are vane, gear and piston 
types, Fig. 4. Vane types, Fig. 4a, may have either 
constant or variable delivery. Internal clearances 
of vane pumps may be fixed or controlled by oil 
pressure. Recommended working pressures for 
vane pumps range up to 1600 psi. Maximum oper- 
ating speed for these pumps is 2500 rpm. 

Gear pumps, Fig. 4b, are generally recommended 
for the more rough and ready applications. In- 
ternal clearances can be fixed throughout or oil 
pressure may be used to maintain constant clear- 
ance between gear faces and pump housing de- 
spite wear of their surfaces. Maximum operat- 
ing pressures and speeds for gear pumps are 
about 2000 psi and 3600 rpm. 

Piston pumps, Fig. 4c, may have either con- 
stant or variable delivery characteristics. These 
pumps are recommended for applications requiring 
working pressures in excess of 2500 psi. 

A good rule-of-thumb to follow in determining 
pump horsepower requirements is that 0.7 horse- 
power is needed at the motor or engine drive 
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shaft to deliver one gallon of oil at 1000 psi. Since 
100 per cent efficiency would require only 0.58 
horsepower, a mechanical efficiency loss of 0.12 
horsepower per gallon of oil is anticipated. This 
clearly points out the advisability of selecting a 
pump very close in rated delivery to that ze- 
quired at the expected operating speeds. A list 
of conditions and requirements affecting pump 
selection is given in Table 2. 


Control Valves: There are numerous styles, 
types, and designs of control valves. Some typical 
operations and the types of valves they require are 
detailed in the following paragraphs. 

Full-series multiple valves or single valves in 
series are required where it is desired to operate 
one cylinder with the return flow of another and 
still be able to operate either cylinder individually. 
A good example is the hook-up of lift cylinders on 
a blade grader, Fig. 5. Since this circuit adds the 
load of the second cylinder to that of the first, 
there are, however, certain limitations to this ap- 
plication. 

Series-parallel valves can be used for operating 
a double-acting cylinder and a single-acting cyl- 
inder at the same time. This valve feeds pres- 
sure to the cylinder ports from open center so 
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that only the valve upstream can feed oil to its 
cylinder. However, the return circuit is com- 
mon to all cylinder ports and the reservoir, so 
that the return oil from the double-acting cylinder 
and the single-acting cylinder is directed to the 


flow retracts cylinder A and then extends 
1f the spool positions were reversed, 
would be extended and cylinder 8 re- 
Spools con che be 
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reservoir. A good example is a lift-truck where 
double-acting cylinders are used for tilting the 
fork and a single-acting cylinder is used for the 
lift, Fig. 6. 

Parallel valves are required for operating sev- 


or retrect both simultaneously. 
At b, with spools neutral position 
cylinders are held in place 


in the 
and flow from the pump 
is returned directly to the tank by the valve. 
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eral single or double-acting cylinders and for meter- 
ing pump flow at different pressures to one or 
more cylinders at the same time. This valve has 
a common return port available to all cylinder 
ports and also a common high-pressure main avail- 
able to all cylinder ports. With proper metering, 
it is possible to divide the pump flow to several 
cylinders at one time. The return flow from the 
cylinders to the reservoir is through to common 
return main, Fig. 7. This circuit is used on many 
loaders, lift trucks, etc. 

Relief valves act as safety valves and relieve 
the system when the maximum pressure setting 
is reached. With certain modifications the return 
flow of a relief valve can be used to do another 


Table 2—Pump Selection Guide 


1. Pressure 
a. Maximum working 
b. Relief valve setting 


2. Required oil volume 

a. At minimum pump speed 

b. At normal pump speed 

c. At maximum pump speed 
3. Duty cycle 

a. Continuous operation 

b. Intermittent operation 

ec. Continuous load 

d. Intermittent load 
4. Prime mover 

a. Electric motor 

b. Internal combustion engine 
5. Type of drive 

a. Direct coupling 

b. Belt or chain 
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operation so that a sequence of operations is set up. 

Difference in pressure between cracked and fully 
open position of a relief valve should be as low 
as possible. Relief valves, as well as certain others, 
may be obtained as integral parts of other valves. 
Use of such valve combinations is recommended 
to minimize piping. 

Sequence valves, either pilot or mechanically 
operated, can be used to set up automatic sequenc- 
ing of a series of operations. 

Unloading valves can be used to direct pump 
flow to the reservoir at a very low pressure after 
relief pressure has been reached. These valves 
can also be used as relief valves or sequence valves. 
They can be manually reset to divert oil to the 
work or pilot reset by some pressure means. 

Solenoid valves are positioned by solenoids, or 
sometimes in one direction by a spring and the 
other by a solenoid. These valves can be operated 
by a series of limit switches or timers to set up 
a series of successive operations. Solenoid-operated 
valves in control systems usually create less shock 
loading than manually or pilot-operated types. 


They may also be easier to apply because the 
switches controlling them may be located remote 


from the valve. 
These brief discussions relate to the function of 


a particular type of valve. Selection of one type 
or another is usually influenced by circuit require- 
ments. Certain general rules may also be applied 
to valve selection, regardless of the requirements 
of a particular circuit. 


1. Valves must have ample capacity to provide 
minimum pressure drop through all ports. 


2. Opening and closing of ports should not be too 
rapid or shock pressures will result. Valves 
having metering or throttling characteristics 
eliminate this problem. 

. Leakage in a spool valve depends upon the 
clearance areas subjected to pressure. There- 
fore, the smallest spool diameter which pro- 
vides sufficient flow capacity should be used. 


Oil Reservoirs: All reservoirs should be baffled 
to control the velocity of the oil after it enters 
the reservoir. Oil flowing at high velocity, if 


allowed to flow into the free air of the reservoir, 
will, by its agitation, collect air bubbles. Air bub- 
bles cause the volume of oil in the system to in- 
crease, sometimes causing oil volume to exceed 


capacity of the reservoir and system. The bubbles 
burst when subjected to high pressures and in this 
process release undue heat into the system. Bub- 
bles also deposit themselves as air in the com- 
ponents, especially the cylinders, causing sluggish 
and jumpy movement of the components during 
operation. 

Velocity past the baffle should not be more 
than 4 fps and the velocity of flow into free air 
of the reservoir should be under 1 fps, Fig. 8. 
The outlet to the pump should be above the baffle 
so that the void caused by the rebound of the 
oil striking the bottom of the reservoir at high 
velocity will not affect the amount of oil going 
to the pump. 
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To keep vacuum at the pump inlet to a minimum 
and reduce the possibility of pump cavitation, res- 
ervoirs should be mounted above the pump when 
possible. The reservoir may also be pressurized 
to prevent cavitation, Fig. 8. 

During operation of a hydraulic system, heat— 
the result of system inefficiency—is absorbed by 
the oil. This heat must be dissipated if the oil 
ts to remain at a safe and efficient operating tem- 
perature. In some instances, a heat exchanger may 
be required to maintain the required temperature. 
But reservoir design and location may often elimi- 
nate this need. Surface area of the reservoir should 
be as large as is consistent with other require- 
ments. 

Reservoir capacity for mobile units is usually 
'¥% gallon plus 10 per cent of pump volume plus 
total cylinder displacement, or rod displacement, 
in the case of double-acting cylinders. Air capa- 
city equal to one-third of oil capacity should be 
allowed for expansion when the reservoir is vented 
to the atmosphere. When the reservoir is pres- 
surized, air capacity of one-third oil capacity or 
twice cylinder capacity, if greater, should be al- 
lowed. These figures are based upon the fairly 
good cooling and usually intermittent operation 
typical of mobile systems. 

For stationary systems, reservoir capacity 
should be 2 or 3 gallons per gallon of pump out- 
put, plus sufficient air capacity to allow for ex- 
pansion of both oil and air when heated. Normal 
expansion of oil is 5 per cent per 100-degree F 
temperature rise. Air will expand approximately 
21 per cent per 100-degree F temperature rise. 
This increase in reservoir capacity over that of 
the mobile system compensates to a certain extent 
for the inherently poorer cooling of the stationary 
system. However, heat exchangers will still be 
necessary in many instances. 


Oil Lines and Oil Velocity: Selection of oil lines 
for a system is based upon velocity control and 
heat dissipation. Proper velocity keeps the pres- 
sure drop to a minimum and dissipates maximum 
heat. Metal lines dissipate more heat than other 
types and thus help in cooling the system. For 
this reason, hose should be used only to permit 
needed flexing during operation or to eliminate 
vibration. 

Certain general recommendations can be made 
for velocities of oil through metal lines. The line 
from the reservoir to the pump should not have 
an oil velocity over 7 to 8 fps to prevent starving 
the pump. Velocity of all pressure lines, however, 
should not be less than 10 nor more than 17 fps. 
The return line velocity from the control valve to 
the reservoir also should not be less than 10 nor 
more than 17 fps. When single-acting cylinders 
are used, this return line must provide for both 
cylinder return flow and pump flow. It is not 
always possible to stay within these limits be- 
cause of available standard pipe and tube sizes. 
Staying as close to these limits as possible, how- 
ever, will help to insure a satisfactory system. 
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Restrictions in lines create pressure drops. 
These pressure drops or losses dissipate heat into 
the system at the rate of 25 Btu per gallon of 
oil at 1000 psi. 


Accumulators: Oil under pressure discharged 
by the pump during the time that pump output 
is not required to do work in the system may be 
stored in an accumulator. This characteristic 
permits the accumulator and its output to be used 
in several ways. Certain uses for accumulators 
are as follows: 


1. To store a large volume of oil under pressure 
using a small pump over a relatively long time 
period. This feature permits a reduction in 
pump size when high output for short periods 
of time is required. 

2. To stabilize operating speeds by metering the 
flow through various devices. Thus, several 
operations may be performed at different speeds 
and pressures. 

3. To permit full pump flow to be used for one 
operation while the accumulator flow is being 
used for others. 

4. To operate one end of a double-acting cylinder 

in place of a spring. The hydraulic system will 

then operate the opposite end of the cylinder as 

a single-acting cylinder. 

To act as a shock absorber to minimize the 

high-pressure impulses of the system. 

6. To make up leakage in other components when 
positive clamping is required. 


o 


Accumulators may be bag, piston or weighted- 
piston types, Fig. 9. Each of these has certain 
characteristics which fit it to particular applica- 
tions. Bag type accumulators are comparatively 
small and light, and can be mounted in any posi- 
tion. Piston type accumulators, either spring or 
compressed-gas loaded, are heavier than the bag 
types and may also be mounted in any position 
with no adverse effect upon performance of the 
accumulator. 

Weighted-plunger accumulators are usually 
larger and heavier than other types. However, 
since gravity acting upon the weight atop the 
plunger is the energy source, these accumulators 
must be vertically mounted and are not used for 
mobile applications. Pressure is constant with 
this type of accumulator regardless of the amount 
of fluid used. This is not true of the other types 
where pressure decreases as the fluid is used to 
perform work in the system. 

Unloading valves or pressure switches are used 
to start and stop the flow of oil to and from an 
accumulator and prevent the possibility of bot- 
toming of the piston or bag. Accumulators are 
usually selected with twice the capacity required 
by the operation to be performed as an additional 
safety measure. The extra capacity also serves 
to reduce the pressure differential normally occur- 
ring as oil is used with bag and piston type accu- 
mulators. 









' Brazed Joints 


a a 


By A. N. Kugler 


Chief Welding Engineer 
Air Reduction Sales Co. 
New York 


ae” ’ a 




































RAZING, while included under the general 
B classification of welding, is a distinct metal 

joining process. Special consideration is nec- 
essary in planning the brazing procedure. One of 
the distinguishing features of brazing is the use 
of nonferrous filler metals having melting points 
lower than the metals joined. Thus, fusion be- 
tween filler metal and base metal in the usual 
sense does not take place. In this respect, brazing 


A ' VA *. i is similar to braze welding. However, brazing dif- 











fers from braze welding and the other welding 
processes in that it requires the use of much less 
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filler metal if an effective joint is to result. Also, 








» 
a brazed joints are most successful when joints are 
Normal cross Joint oreo = 34 . 
section! oreo #4 subjected to shear. 
Scart Joint Peculiarities of brazing make careful attention 
to a number of factors mandatory: selection of 
Fig. 1—Basic types of brazed joints base and filler metals in accordance with job re- 
are wind 6 and scarf joint. quirements; effective design of brazed joints; thor- 
ough prebraze cleaning of joint surfaces; careful 
we. is and seit Geviad tee assembly of joint members; thorough fluxing of 
. Butt joints are smooth and joint surfaces; selecting the most suitable heating 
have d but are weak- method; correct introduction of filler metal; and 
er have higher electra resistance thorough post-braze cleaning are all instrumental 
then the lap Pie in obtaining sound brazed joints. 


careee o* aittin - pe However, this article will be limited to joint de- 


sign, assembly of joint members, and heating 
methods since the problems involved are applicable 
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in all brazing operations and, also, these considera- 
tions are likely to cause the most difficulty. There- 
fore, these procedures must be most carefully 
planned. 

While design, assembly, and heating method 
each entails its own problems, there is one problem 
which they all have in common: preserving proper 
clearance in the joint. This might well be the most 
important factor in the production of sound brazed 
joints since, without proper joint clearances, there 
can be no capillary attraction which determines 
the distribution of a relatively very small amount 
of filler metal throughout the joint. 


Design of Brazed Joints: In designing brazed 
joints, the first step is to make a proper selection 
of type of joint, keeping in mind the basic precept 
that brazed joints are most successfully used in 
applications subject to shear stress. 

Butt and lap joints, Fig. 1, are the two funda- 
mental types. The scarf joint is an intermediate 
type. It is identical with the butt joint at one 
extreme of the scarf angle and approaches the lap 
joint at the other extreme of scarf angle. Typical 
joint designs may combine the basic types, Fig. 2. 

Selection of type of joint to use is influenced 
by the configuration of the parts as well as stress 
requirements and other service requirements such 
as electrical conductivity, pressure tightness, and 
appearance. Also influential in selecting joint 
type are fabrication techniques, production quanti- 
ties, method of feeding filler metal, etc. 

Lap joints are generally preferred for brazing 
operations, particularly where it is important that 
the joints be at least as strong as the weaker 
member, leak tightness is required, and good elec- 
trical conductivity is a factor. The lap joint length 
should equal three times the thickness of the 
thinner member joined for maximum strength. 

Butt joints overcome the one inherent disad- 
vantage of lap joints in that they provide a smooth 
joint of minimum thickness. Where smooth ap- 
pearance is the prime consideration or where the 
double thickness of the lap joint would be other- 
wise objectionable, butt joints should be used. 
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However, since the butt joint is difficult to fit-up 
so as to preserve the necessary joint clearances, its 
strength will not be as reliable as the lap joint, 
being particularly weak in bending. Furthermore, 
the electrical conductivity and leak tightness of a 
butt joint will not be as reliable as a lap joint. 

A scarf joint is an attempt to achieve the 
smooth contours of the butt joint and the desir- 
able properties afforded by the large joint area 
of a lap joint. However, to secure a lap of three 
times the thickness of the parts joined, it would 
be necessary to have a very small scarf angle. 
Machining a scarf, particularly on thin metal, 
would be a difficult and costly operation. Also, 
assembling the joint members to preserve the re- 
quired joint clearances would be even more dif- 
ficult. Scarf joint designs are, therefore, seldom 
used. 

Reference has been made to joint clearance as 
probably the most significant factor in all of the 
brazing operations. Naturally, it receives special 
consideration when designing a joint. Joint clear- 
ance may be defined as the distance between the 
surfaces of the joint at room temperature, before 
brazing, into which the brazing filler metal will be 
flowed. Actually joint clearance is not the same at 
all phases of brazing operations. It is one value 
before brazing, another value at brazing tempera- 
ture, and still another value after brazing, espe- 
cially if there has been diffusion of the filler metal 
into the base metal. To avoid confusion, it has be- 
come general practice to specify clearance in the 


117 








joint design as being a certain value at room tem- 
perature before brazing. 

Optimum clearance ranges have been worked out 
for each type of brazing filler metal which will be 
suitable when brazing all similar-metal combina- 
tions with which that filler metal can be used, 
Fig. 3. Generally, clearances in the lower portion 
of the ranges should be used in order to obtain 
maximum joint strength. 

Recommended joint clearances are based upon 
joints having members of similar metals and equal 
mass. When dissimilar and/or metals of widely 
differing masses are joined by brazing, special 
problems arise which necessitate more specialized 
selection among the various filler metals. Also, 
a careful determination of joint clearance suitable 
for the job at hand must be made. 

In such joints, the member with the higher 
thermal conductivity and/or greater mass will tend 
to either decrease or increase the joint clearance 
depending upon the shapes of the members and 
their relative positions in the joint. It is, therefore, 
necessary to consider the joint clearance which 
must exist at brazing temperature and make due 
allowance in the joint design to attain this use- 
able clearance. Joint clearance at room tempera- 
ture which will make possible a useable clearance 
at brazing temperature must be determined. At the 
same time, a brazing filler metal must be selected 
which will be useable over the brazing temperature 
range and the changing clearances which result. 
Thus, a filler metal with a long brazing tempera- 
ture range is best for bridging relatively great 
gaps which may occur prior to or after attain- 
ing brazing temperature. On the other hand, a 
filler metal having a short brazing tempera- 
perature range is preferred when joints are tight 
fitting through the room-temperature to brazing- 
temperature range. 

The problem of stress imposed by joint loading 
should be anticipated and provided for in the 
joint design to minimize stress concentrations that 


may lead to tearing at the joint. Various joint 
designs, Fig. 4, may be used to solve stress problems 
by such means as increasing flexibility of that 
section of joint assembly where tearing is most 
likely to start, or stiffening of the more flexible 
parts. Each type of loading will have its own 
individual design problem with respect to stress 
minimization. When vibration or fatigue is a fac- 
tor, the parts should be supported mechanically 
beyond both the brazed joint and the annealed area 
of the base metal. 

The method of feeding filler metal into the 
joint must be kept in mind during the design stage 
so that allowances can be made for the effective 
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Fig. 3—Above—For each filler metal 
there is an optimum joint clearance 
range. Values below the minimum 
will give low strength because filler 





metal flow is obstructed. Clearances 

j larger than optimum require excessive 

quantities of filler metal and may re- 

sult in loss of effective distribution of 

filler metal because capillary action is 
destroyed 


Fig. 4—Below—Correct design of 

brazed joints reduces stress concentra- 

tions and, therefore, the possibility of 

tearing, fatigue failures and failure un- 
der impact loading 
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introduction of filler metal into the joint and its 
subsequent flow throughout the joint. Filler metal 
is either face fed or preplaced in, or adjacent to, 
the joint. When the filler metal is face fed, it is 
hand held and applied to the face of the heated 
joint just as brazing temperature is reached. 
Therefore, the joint must be of an exposed de- 
sign to permit operator access to the joint face. 

When the filler metal is preplaced the joint 
face may be either exposed or concealed, Fig. 5. 


inspect for complete 
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After Brazing =< 


Fig. 5—Above—When filler 
metal is preplaced, the face of 
a brazed joint may be either 
exposed or concealed. How- 
ever, it is desirable to design 
the joint so that it can be in- 
spected for complete filling af- 
ter brazing. Placement of filler 
metal so that flow will be 
aided by gravity is desirable 


Fig. 6—Right—Filler metal 

may be formed in a variety of 

shapes and sizes for preplace- 
ment 
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In designing joints for preplaced filler metal, the 
joint should be arranged so that the metal flow 
will be assisted by gravity and so that the joint 
can be inspected to insure complete filling of the 
joint. Various preplacement filler metal forms, 
Fig. 6, may be used for preplacement. The filler 
metal may be placed at the extremities of the 
joint or it may be inserted in a groove in the joint, 
Fig. 7, the groove being in the heavier joint mem- 
ber. Area taken up by the groove must be de- 
ducted from the effective joint area since it will 
not contain any filler metal at the completion of 
brazing operations. If flat washers or shims, Fig. 
8, are used as preplacement forms, it is necessary 
to provide for application of pressure to the joint 
or other means of assuring proper flow of filler 
metal. 

Brazed joints are very effective for joining elec- 
trical conductors. However, it is obvious that the 
joint must not alter the resistance of the circuit 
appreciably. In joining copper conductors, tests 
have shown that a lap of one and one-half times 
the thickness of the thinner member will have 
a resistance the same as an equal length of copper 
conductor. Of course, if a longer lap is needed to 
satisfy strength requirements, this will also be 
satisfactory electrically and shows even lower re- 
sistance. 

If several joints are to be used in fairly close 
proximity on the same assembly, the joint design 
should specify step brazing. This is a technique 
which permits making several brazes in sequence 
without disturbing joints previously made. To 
accomplish this end, joint design should specify 
the use of several filler metals which exhibit dif- 
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ferent brazing temperature ranges. Thus, the first 
joint can be made with the filler metal having 
the highest temperature range, the second joint 
with the next highest temperature range, etc. 

The use of brazed joints in pressure-tight as- 
semblies requires, as already mentioned, a lap 
type joint, and also provision must be made for 
proper venting of heated gases formed during 
brazing, Fig. 9. If this is not done, the expansion 
of the hot gases within an assembly is likely to 
force the assembly apart or expel the molten filler 
metal from the joint. 


Assembly of Joints: Joint assembly should be 
anticipated during joint design. Often it is possible 
to design joints so that they are self-jigging, Fig. 
10. However, with some joints it is necessary to 
use jigs in the form of clamps and supports, and 
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with the use of jigs certain problems arise, some 
having to do with the jigs alone and some related 
to the use of jigs, when using particular heating 
methods. 

Decision as to how to assemble joint members 
is predicated on the fundamental requirement that 
the simplest assembly method capable of securely 
holding the joint members in correct alignment and 
maintaining clearance during the heating and cool- 
ing cycle of the brazing operation is always pref- 
erable. 

If jigs are used they must fulfill the following 
general requirements: 


1. Size of the jig and the disposition of its elements 
should be such that it will not interfere with 
even heating of the parts brazed by removing 
heat through conduction from the brazing area 
nor should it impede the flow of filler metal. 
Mass of the jig is particularly important. It 
should be as small as is consistent with the job. 

2. Expansion of the jig material must be such as 
to assure the maintenance of proper joint clear- 
ance at the brazing temperature range. 

3. At elevated temperatures the jig material must 
not alloy or fuse with the base metals where 
they are in contact. 

4. The jig should be set up so that it will not be 
wet by filler metal or the assembly may be 
brazed to the jig. 


Heating Methods: The eight processes used in 
supplying heat to joints to be brazed are distin- 
guished from each other by the source of heat 
used and are named accordingly: torch brazing, 
furnace brazing, induction brazing, etc. Regardless 
of the specific method used or whether the filler 
metal is face fed or preplaced, direct, sustained 
heat is never applied to the filler metal. Joint sur- 
faces absorb most of the heat and will melt the 
filler metal when they have attained brazing tem- 
perature. If this practice is not followed, pre- 
mature melting of filler metal may occur, pre- 
venting the desired capillary flow throughout the 
joint, since this flow largely depends on the joint 
being at the proper temperature. 

In all brazing methods, the joint must be brought 
to brazing temperature as rapidly as _ possible. 
However, overheating of local areas must be avoided 
as much as general under-heating, since these 
practices may induce thermal stresses and dis- 
tortion to destroy joint clearance and cause other 
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unwanted reactions. 

Each brazing method has its own peculiar ad- 
vantages depending on the particular brazing job 
involved and should be selected accordingly. 

Torch brazing, while normally thought of as 
being done with the oxyacetylene torch, also can 
employ air-acetylene torches as well as other fuel 
gases burned with air or oxygen. Manual torch 
brazing requires skill on the part of the operator, 
particularly in the application and distribution of 
heat. The assembly to be brazed is first heated 
generally to raise its temperature. In doing this, 
more heat is directed to the heavier masses or 
those parts having higher conductivity in order 
that the opposing joint surfaces may be brought 
to brazing temperature at the same time. Heating 
is continued and at the same time the filler metal, 
if face fed, is occasionally touched to the joint. 
When the joint has attained brazing temperature, 
the filler metal will be melted by the heat of the 
joint and will quickly flow throughout the joint 
area. 

Furnace brazing is a high-production brazing 
process particularly well suited to assemblies which 
are of approximately equal masses. Joint as- 
semblies having elements of widely different thick- 
nesses are difficult to handle in furnace brazing. 
Since it is virtually impossible to face feed when 
using a furnace, filler metal must be preplaced. 
Also, joints must be specifically designed for fur- 
nace brazing since the entire assembly, not just 
the joint surfaces, will be raised to the brazing 
temperature and, therefore, joint clearances may 
be endangered if dissimilar metals and/or unequal 
masses are involved. When preplacing filler metal, 
in furnace brazing, filler metal should be next to 
the heavier joint member to prevent premature 
melting. 

Whenever possible, assemblies for furnace braz- 
ing should be designed to be self-aligning and self- 
jigging. Any jig structures introduced into the 
furnace must be heated to the brazing tempera- 
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ture and this may result in slower overall heating 
and increased costs. Springs must not be used in 
the jig design because of the loss of tension when 
heated. Instead, systems involving cams or weights 
are used extensively for maintaining proper pres- 
sure on parts during heating and subsequent cool- 
ing to room temperature. 

Induction brazing is a high-production process 
in which localized heat is induced in the joint area. 
Alternating current of high frequency is fed into 
a work coil which surrounds the work piece at the 
joint area. This high frequency induces an eddy 
current in the joint, and this current provides the 
heat for brazing. By careful design of the work 
coil and selection of frequency, heat can be local- 
ized in the joint area. This feature, coupled with 
rapid heating which reduces the time during which 
the parts are subjected to high temperatures, may 
be advantageous with some metals and assemblies. 
Localized joint heating can be helpful, for example, 
in maintaining proper joint clearance with dis- 
similar and/or metals of differing masses. Filler 
metal is preplaced. 

Resistance brazing is another electrical heating 
process. In this instance, the heat is obtained from 
resistance to the flow of an electric current through 
the electrodes and the joint to be brazed. Thus, 
the parts comprising the joint form part of the 
electric circuit. This method is most suitable for 
joints of comparatively small areas, since uniform 
current distribution and uniform heating is dif- 
ficult to obtain with large or irregular joint areas. 
The joint must also permit application of pressure 
to both sides without distortion. Further, it is 
preferable to have the work pieces self-aligning, 
thus eliminating jigs and fixtures. 

In applying current, the parts to be brazed are 
held between two electrodes at proper pressure. 
This pressure is maintained after filler metal has 





























10—Some examples of brazed joints designed to be self- 
jigging. Whenever possible, such methods should be utilized 
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flowed and is not removed until the joint has 
solidified. For some work, both electrodes may be 
located on one side of the joint while a suitable 
backing to maintain the required pressure is ap- 
plied at the other side. The filler metal may be 
either preplaced in the joint or face fed. 

Dip brazing derives the necessary brazing heat 
from molten baths—either molten filler metal or 
molten flux. Therefore, this method is further 
identified as being either molten metal dip brazing 
or molten chemical bath dip brazing. Molten 
metal dip brazing is necessarily limited to small 
assemblies since immersion must not lower the 
temperature of the bath below brazing temper- 
ature. Also critical in maintaining brazing tem- 
perature is the size of the bath crucible and the 
method of heating the crucible. Molten chemical 
bath dip brazing, on the other hand, can be used 
with assemblies weighing several hundred pounds. 

With molten metal dip brazing, the joint as- 
sembly must be cleaned and protected with flux 
before being immersed in the metal bath. Jigs. 
naturally cannot be used and, therefore, self-jig- 
ging of the parts is necessary. 

With molten chemical bath dip brazing the parts 
are cleaned and the filler metal preplaced before 
immersion. Jigs may be used or the parts may be 
self-jigged to hold together the assembly and main- 
tain proper joint clearance. 


Summary: Successful brazed joints largely de- 
pend upon the degree of planning in designing 
joints, assembling joint members, and selecting a 
suitable heating method for the particular job in- 
volved. In review, then, the following points are 
necessarily emphasized in planning brazing opera- 
tions: 





1. Preservation of proper joint clearance is prob- 

ably the most important factor in obtaining sound 
brazed joints. 

2. The brazed joint is most successful in applica- 
tions subject to shear. 

3. The lap type joint is preferred over butt and 
scarf joints in giving desirable physical and elec- 
trical properties along with the greatest ease of 
production. 

4. Each filler metal has an optimum recom- 
mended range of clearance which applies when it 
is used in joining similar metals and metals having 
equal mass. 

5. When brazing dissimilar metals and/or metals 
of unequal mass, special consideration must be 
given to selection of filler metal and determination 
of joint clearance. 

6. Joint design should minimize stress at the 
joint. 

7. Joint design should specify method of feed- 
ing filler metal into the joint. 

8. If several joints are to be used in fairly close 
proximity on the same assembly, the joint de- 
sign should specify step brazing. 

9. Provision must be set forth in joint design 
for venting joints in pressure-tight assemblies to 
permit escape of hot gases generated during braz- 
ing. 

10. Whenever possible, assemblies to be brazed 
should be self-jigging. 

11. Each heating method has its own require- 
ments and advantages. Regardless of heating 
method and whether filler metal is face fed or 
preplaced, only the joint surfaces, not the filler 
metal, receive direct, sustained heat with braz- 
ing temperature in the joint being attained as 
rapidly as possible. 
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ae Clothes Dryer Needs No Vent 


W ARM. moist air is one of the byproducts 


of today’s automatic clothes dryers. Gen- 


erally, a vent pipe or duct must be installed to 
exhaust this air from the dryer area to the 
outdoors. Latest model Maytag no-vent clothes 
dryers use a water-cooled condenser to cool and 
dry the exhaust air and eliminate the need for 
a vent pipe. Available in both gas and elec- 
trically heated models, the dryer uses 2.7 pints 
of cold water per minute of operating time to 
cool the exhaust air and condense the moisture. 
Other features of the new Maytag dryer are 
an adjustable timer for periods to 2 hours, an 
adjustable drying-temperature thermostat and 
an attractive back-lighted glass control panel. 
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How force requirements and 
design for strength are influenced by 


By B. Saelman 
Design-Weight Engineer 
Lockheed Aircraft Corp. 
Burbank, Calif. 


N THE LOAD analysis of mechanisms with 
| rotating link members the effects of frictional 
forces are often difficult to evaluate. Members 
can be joined with bolts, bolts and plain bearings, 
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or bolts and antifriction bearings. Friction may 
be helpful or detrimental to the design, depending 
on the function being considered. The following 
examples provide methods of approach for three 
representative cases. 


How Friction Affects 


Force Input 


wy 

The linkage illustrated in Fig. 1 represents an 
airplane landing gear subsequent to take-off. The 
design requirements for this condition are (1) 
the actuating cylinder must be designed to over- 
come the peak retraction load, and (2) the hy- 
draulic system must supply sufficient fluid rate 
of flow to the retraction cylinder so that the time 
of retraction will not exceed a given maximum. 
The load which the hydraulic cylinder must over- 
come is composed of air loads, inertia loads, and 
loads due to friction. Friction loads occur both 
in the cylinder itself and in the joints of the gear 
mechanism. The cylinder force required because 
of frictional resistance in the joints will be derived. 

The wheel is rotated from its down position 
up into the airplane by rotation about the fixed 
pivot O. The external force is supplied by the 
hydraulic cylinder fixed at pivot C and attached 
to the shock strut at B. As the rotation proceeds, 
angle ~ varies. Retraction force P; must overcome 
the moment due to drag force F and weight W 
about O, and the friction moments in the joints 
O, B and C. For the initial position, W has no 
moment about O. Therefore, neglecting bearing 
friction, 


ae. 
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At joint O, the resultant load on the bearing is 
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shown in Fig. 1. The friction moment at O is 
M = Ruotro 


The increment of load in the hydraulic cylinder 
necessary to overcome this friction moment is 
M o0To 
AP, cn  Baleee 
h h 
The increment of bearing load at O resulting from 
AP,, is 





AR, = V (A H,)- + (A L,)4 





= V AP;* (sin* ¢ + cos* ¢) = AP, 
and the incremental friction moment is 
AM, = AR, porto = AP nO To 


This moment requires a second increment of load 
from the hydraulic cylinder: 





AM r 
A P» -- 2 = _ A P, mn 
h h 
R #0 To ( _#oTo ) R ( #o To ) 
h h h 


Repeating the process gives 
r 3 
aP> = R ( _Ho zn) 
h / 


It is apparent that the total load in the hydraulic 
cylinder due to the friction at joint O can be rep- 
resented as the sum of an infinite geometric series 
in which the first term is Rugry/h, and the ratio 
of one term to its preceding term is poTo/h. The 
sum of this series is 


Po AP, + AP2+AP3+-::: 


R #o To : r (2 )" + 2/ Ho To ) +--+. 
h h h 


HoTo 


—__ ee 


Similarly, the load in the cylinder due to the fric- 
tion moment at joint B is 


At joint C 


The total load required to move the strut is, then, 
P,= P+ Po + Pg + Pc 
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R Ho To Fa ( uBTB ) 
Fa h h h 
=——+ ~ + 
h : Ho To 4 HB TB 
h h 
Fa ( He To ) 
h h 
. (3) 
1 He Tc 
h 


The effect of shear forces resulting from nonuni- 
form bearing load distributions have been neglected. 

Equation 3 shows that P, decreases with smaller 
values of a/h and with smaller values of the 
coefficients of bearing friction and the bearing 
radii. It should be noted that the weight penalty 
for inserting antifriction bearings in lieu of plain 
bearings at the joints may exceed the weight cost 
for increasing the hydraulic cylinder size in order 
to overcome the friction. 

The magnification of load as illustrated in this 
example, and expressed as an infinite series, has 
important applications in structural analysis. 
Much time is often spent in attempts to estimate 
the magnitude of secondary effects. In many 
cases these secondary effects can be expressed as 
an infinite series which can be summed in a single 
term. 


How Friction Affects 


Column End Restraint 


wr 

In the design of columns, Fig. 2, friction is help- 
ful in increasing the allowable load by increasing 
the end restraint. The familiar Euler formula 
giving the buckling load of a column is 


a2 EI 
[2 





P. = © (4) 
where c = 1 for pinned ends, c = 4 for fixed ends, 
and c = 2.05 for one end pinned and the other 
fixed. In practice c seldom exceeds 2. 
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The coefficient c depends to some extent upon 
the amount of friction in the terminals of the 
column and will increase as the amount of friction 
in the joint increases, thus increasing the buckling 
load. However, the magnitude of the restraint 
offered by the frictional end moments at the buck- 
ling load and the effects of vibration may be dif- 
ficult to determine, since they depend upon the 
actual load on the column. It is to be noted that 
c is also dependent upon the stiffness of the sup- 
porting structure and this effect may actually 
supply negative restraint (destabilizing). 

The restraining effect of friction in the column 
extremities is frequently neglected because of cer- 
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End Restraint Function, @ 





! 2 3 4 
End Fixity Coefficient, c 


Fig. 3—Column end restraint func- 
tion 8 versus end fixity coefficient ¢ 


End Restraint Function, @ 


Design A, 








Load, Por Far 


Fig. 4—Relationship of end 
load P and buckling “load 
P.,. to end restraint function 8 
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tain other factors which tend to reduce the allow- 
able load. For example, initial eccentricities and 
initial bow (of the order of 0.015-inch per foot 
of column length) will always exist in real col- 
umns and will produce secondary bending stresses. 
When these increased stresses exceed the pro- 
portional limit stress a reduction in modulus £ 
occurs, thus reducing the allowable column load. 
These eccentricities are frequently difficult to de- 
termine and hence are usually neglected. However, 
the effect of friction on the allowable load or on 
the fixity coefficient for equal end restraints can 
be determined. 

With the help of Reference 1*, the following 
expression can be developed: 











1 1 ave 
—=- — tan 
B TwvVec 2 
1 aVe 
= = tan (7 - y ) (5) 
TvVec 2 


Equation 5 gives the relationship between the 
restraint function @ and the fixity coefficient c. 
When the column ends are held fixed, 8 = o, and 
from Equation 5, c = 4. When the terminals are 
pinned, 8 = 0, and by Equation 5, c = 1. The 
relationship between c and @ given by Equation 5 
is plotted in Fig. 3. 

The restraining friction moment is given by 


M = Pur prac ‘ (6) 


Then, ignoring the minus sign in the definition 
of a, 








M 
ausnn 
on al = 4 
‘EI EI 
Purl 
= (7) 
Ele 


Fig. 4 shows a representative graph of P and 
P., versus 8. The curve for P versus 8, Equation 
7, is usually determined from test. The curve for 
P., versus 8 is plotted from Equation 4 for which 
c values are supplied by Fig. 3 (Equation 5). The 
design value for P,, occurs at the intersection of 
the two curves. Alternatively, direct column tests 
can be employed. An empirical value of c can then 
be directly calculated from Equation 4. 


How Friction Affects 


End Moments in Links 


wr 

In this case friction has a detrimental effect on 
the strength of the part. In Fig. 5 member AB 
is rotating with respect to BC and each member 
carries an axial load. Load P produces a tangen- 


*References are tabulated at end of article. 
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tial force on the bearing: 
Pr = Pp (8) 


Also, a friction moment is transmitted into mem- 


ber BC by reaction of tangential force P: 
M = Pur (9) 


This is equivalent to applying an eccentric load to 
member BC with an eccentricity: 


e=ar (10) 


Another example is shown in Fig. 6. Load R 
causes deflection of member BCD, rotation at joint 
C, and consequently a friction moment at joint C. 
Hence an end moment results on member AC. 

In analysis of a column on which an end moment 
is acting, bending stresses resulting from the end 
moment and magnified by the axial load should 
be determined. Also, the interaction of the direct 
column stresses limited by the buckling stress with 
the bending stresses should be considered. The 
maximum moment for this case, illustrated in 
Fig. 2, is 

M 
Mmaz = (11) 
l 
2 | El 

VP 
and occurs in the middle of the beam column.? In 
particular, the section adjacent to the terminal of 
a member where failures often occur should be 
analyzed for combined axial and bending stresses. 
The applied bending stress due to friction is often 
inadvertently neglected with serious consequences. 
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Tips and 
Techniques 


Circle Locations 


IVEN: three equal-diameter circles, spaced 
asymmetrically. Problem: to find the center 
location and size of a circle tangent to all three. 
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This problem can occur in friction wheels and in 
multiple-spindle heads. Equations are: 


R=Vx7+Y?-S 


where P = H? + K?;Q = M? + L*; and E = 
HL + MK.—JoserH KENpDzIoRA, Marcus Engineer- 
ing Co., Detroit, Mich. 


Do you have a helpful tip or technique for our 
other readers? You'll receive ten dolars or 
more for each published contribution. Send a 
short description = drawings, tables ———- 
to: Tips and Techniques Editor, bine 
Design, Penton Bldg., Cleveland 13, O. 
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A review of fundamental types of ball bearings, 
emphasizing performance characteristics 


By Johnny Riddle, 
Tulsa, Okla. 


EMANDS for bearings suited for greater speeds, improved accuracy, 
D longer life, higher temperature and better sealing have caused cor- 

responding improvements in ball bearings produced today. These im- 
provements are made possible by higher standards in 
metallurgical control, production techniques and stabil- 
ization of lubricants. 

This article summarizes basic and modified types 
of bearings, and considers variables of ball-bearing 
design which affect performance. It can serve as a 
guide to selection of general types. Specifications which 
should be considered before final selection include de- 
viations in axial and radial fitup, cage properties and 
designs, special metals, special greases when bearings 
are prepacked and sealed for life, angularities and, if 
involved, preloads. 

Also to be considered is the special work many 
bearing manufacturers are prepared to do in order 
to adapt ball bearings to unusual requirements. 
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Single-Row Radial, Deep-Groove Design 


This basic type contains the maximum number of 
balls that can be introduced by eccentric displacement 
of rings—without filling-slots. Well balanced, it is 
suited for an almost infinite range of mounting de- E ~* ‘ 
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signs, with two-direction thrust capacity, Fig. 1. 
The most widely used ball bearing design, it is 


produced in numerous modified types by nearly all manufacturers. It is avail- 
able in extra-light, light, medium and heavy series, also in grades ABEC-1 
through 7 and 9. Standard steel and many special cage materials and designs 


are available. 


Critical design variables include intentional variations in cage design, 
radial fit-up and osculation (relationship of ball and ball groove), and these 
in turn sharply influence radial and thrust capacities, friction, speed ranges, 


etc. 


It is produced in a wide assortment of open, sealed, shielded or snap-ring 


designs and combinations thereof. 


Single-Row Radial, Filling-Slot Design 


In this ball bearing, radial capacity is increased in ratio 
to the higher number of balls, Fig.'2. Thrust capacity is less 
than that of a deep-groove radial bearing in equal size and 
series, but the two are dimensionally interchangeable. 

Whether or not the extra radial capacity is a straight- 
line function is a point of controversy among bearing engi- 
neers, there being involved factors beyond the mere relation- 
ship of ball size and number. However, the unit is often 
selected for its theoretically higher radial rating, though at 
more moderate speeds. 

It is not inherently suited to extremely high speeds, and 
seldom if ever for ultraprecise mountings, though certain select 
units are cataloged. 

This type is widely used, in modified design, in pillow 
block bearings, particularly the so-called wide inner ring series. 

Greater number of balls generally requires a change in 
separator design, compared with the deep-groove radial non- 
filling-slot bearing. 


Split Bearings 


Split ball bearings are another 
type which allows greater capacity 
due to a larger number of balls, 
Fig. 3. In these bearings the outer 
ring is broken through the cross 
section in one place (single fracture 
type), or both inner and outer rings 
are fractured in two places (double 
fracture type), to permit introduc- 
tion of balls and retainer. 
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Double-Row Rigid 


Intended for relatively heavy service, this type 
is designed for radial, thrust and angular loads, 
Fig. 4. Properly, double-row rigid bearings have 


radial, converging or diverging lines of contact, with 


or without filling-slots, and should be _ identified 
) as such. Nevertheless, a rather wide range of de- 
sign interchangeability exists. 
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capacity, not for great speeds. Normally made to BALL BEARINGS 
ABEC-1 standards, they are available from some 


manufacturers in higher grades. 
They are produced by some manufacturers with single or double metal 


shields, but seldom in sealed construction. External snap ring designs are 
available in some sizes, particularly the light and medium series. Producers 
can intentionally vary the original internal clearances for specific design re- 
quirements. 

A rather wide variety of cage materials and designs characterizes this 


basic type. 


Double-Row, Self-Aligning 


This type is characterized by a two-row assembly, with 
conventional ball grooves for the inner ring, and with the 
inside surface of the outer ring formed to a spherical con- 
tour, Fig. 5. It is generally tabulated with a radial capacity 
somewhat below that of a single-row deep-groove radial in 
equal size and series. 

Available in straight and tapered bore, it is not in- 
herently suited to extremely high speeds or heavy thrust 
loads. However, thrust capacity increases with the wider 
series, and manufacturers can make internal changes which 
extend the speed range. 

Original radial fit-up is a critical design variable when 
it deviates from standard. Select and progressively refined 
units are available in some series. 

This type of unit provides many compensating advan- 
tages for certain difficult designs. 





Thrust Bearings 


Flat thrust bearings are designed to carry mainly axial loads, radial 
capacities being incidental, Fig. 6. Due to certain inherent phenomena, there 
are sharp limitations on speed, but the manufacturers, by judicious modifica- 
tion of internal features, are able to extend the normal speed range for many 
mountings. ; 

AFBMA standards tabulate about twelve basic and modified designs. They 
are made in many refined series, sizes and shapes. Widely 
used in machine tool applications, they are ideally suited for 
some heavy-duty mountings. 

This type is available in one and two-direction types, 
with or without self-aligning seats, in metric and inch dimen- 
sions, with or without grooves, Fig. 7. 

Many individual patterns have appeared. One for example, 
is an angular-contact ball thrust bearing, Fig. 8, suitable for 
carrying thrust and radial loads. 
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Single-Row Angular-Contact 


This type of single-row bearing is designed for 
angularity and intended to provide thrust capacity in 
one direction through heavy outer-ring shoulder, Fig. 9. 
Properly mounted, and when assembled into the ma- 
chine, it carries combined loads. It is nonseparable. 

Available in extra-light, light, medium and heavy 
series, it has a variety of cage properties and designs. 
It is also available in select and higher precision grades, 
sometimes with an integral flange on outer ring. 

Angularity is an intentional feature of design, 
and may range from about 15 to 45 degrees. Thrust 
rating, accordingly, may be about 150, 200 or 300 per 
cent of rated radial load. 

It has replaced the flat thrust bearing in many 
applications in recent years. 


Duplex Bearing 


Consisting of two single-row bearings, this type is 
designed to operate as a pair or set, with preload 
normally built in, Fig. 10. Normally, one of three 
designs appear in the duplex: 

1. Single-row angular contact 
2. Single-row radial, counterbored construc- 
tion 
3. Single-row deep-groove radial 
There are other minor combinations. 

In the three basic arrangements (back-to-back, 
face-to-face, and back-to-face), and in turn with a 
range of angularities and fitups, the duplex bearing 
enables the designer to proceed in many directions. 

For slow, heavy-duty service, for moderate or 
heavy radial loads, for single or two-direction thrust, 
for shock, axial and/or radial location, or high-speed 
super-accurate tool operations, there is a duplex bear- 
ing for the job. 

This type is available in extra-light, light, medium and heavy series, in 
a wide assortment of refined (ABEC-1 through 9) units. Many cage mate- 
rials and designs are also available. 


Machine Units, or Wide Inner Rings 


Fundamentally single-row radial bearings, 
this type is modified as shown in Fig. 11. Some 
have built-in seals. 

Outer rings are straight or spherical. One 
provides a rigid mounting; the other is ex- 
ternally self-aligning in the housing. 

Relatively higher seating area permits re- 
duction in shaft fits, and supplemental collar 
provides even greater locking power. The self- 
aligning type is widely used in power trans- 
mission units; straight type occasionally. 

Certain sizes and series are available in both 
the deep-groove and filling-slot variations. 
Popularity of this type of ball bearing seems 
to be steadily increasing. 
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BALL BEARINGS 


Extended Inner Ring 


Basically a single-row radial design, Fig. 12, 
this type is available in deep-groove or filling- 
slot constructions. 

Long adapted to electric motor mountings, when 
mounted opposed to a double-row bearing it al- 
lows free interchangeability of end bells. 

Wider seating area provides necessary grip- 
ping or holding power. Thus, it is often used 
without locknut. The extended inner ring also 
serves as a reliable spacer for machine assembly. 
Functional qualities are similar to those of deep- 
groove or filling-slot radials in equal size and 
series. 





Miniature or Instrument Bearings 


Making a strong bid in the 
fields of instrumentation and 
miniaturization are the assort- 
ed designs and sizes in the so- 
called instrument or miniature 
ball bearings, Figs. 13 through 
15. 

Long acknowledged for their 
compactness, lightness and 
friction-saving characteristics, 
these bearings are finding an 
ever-growing market as de- 
signers search for ways and 
means of improving miniature 
machine assemblies. 

Nearly 150 sizes are available 
in such basic types as radial, angular-contact, pivot, 
thrust, flanged-radial, etc. 

They are available in various ABEC grades, and 
some may be obtained for duplex mounting. Generally 
made of high-carbon chrome-bearing steel, some are 
available in stainless steel, others in beryllium copper. 

Range of sizes continues to expand, and scope of 
production is extended yearly. 














Front Wheel Bearing 


Originally designed for automobile 
wheels, this type is now enjoying 
some popularity in industrial mount- 
ings, Fig. 16. 

It is of three-piece separable con- 
struction, and becomes an angular- 
contact bearing when assembled in- 
to position. In car wheels these 
units are used in pairs, an inner and 
outer bearing, the larger one usual- 
ly designed with an extended or 
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wide inner ring to accommodate the 
customary seal. 
This type is available in several 
sizes, but without any significant 
design variations. 
February 23, 1956 131 





XUM 








Fan and Water Pump Bearings 


Again, this is a type 
of bearing originally de- 
signed for the automotive 
trade, but now being ap- 
plied in some industrial 
situations, Fig. 17. 

Unit shown is assembled 
with definite, angularity, 
thus providing good radial 
and axial rigidity. It is 


sealed for life. 
About nine or ten sizes, or variations, are available, and some manufac- 


turers will consider special plating or finishing services. It remains, of course, 
primarily an automotive bearing. 








® 


Aircraft Series 


Originally designed for the aircraft industry (rod 
ends, track rolls, fairleads, guide rolls, pulleys, torque 
tubes, bell cranks, etc.), this type is now widely used in 
industrial mountings, Fig. 18. 

Inch dimensions prevail, and units are in cageless 
(full type) construction. This restricts rotative speeds, 
but static and slow speed capacities are very good. 

These bearings are frequently supplied with high- 
temperature seals and improved greases. 

They constitute an increasingly popular ball-bearing 
series. Manufacturers offer special plating and type 
variations. 


Unground Ball Bearings 


This line of industrial ball bearings, Fig. 19, includes 
single-row, double-row, flat-thrust and angular-contact. 

In reality, the units do have parts (balls) that are ground. 
These are normally assembled with smoothly machined races, 
to produce a greater degree of internal looseness than is found 
in a precision bearing. They are not intended for precise sup- 
ports. But where elaborate seals are not desired, or where the 
bearing is intended as a seasonally expendable part, they prove 
to be very practical indeed. Too, they accommodate consider- 
able misalignment. 

Design cost, in contrast, is only fractional, and inch di- 
mensions are standard. Difficult problems may be approached 
by special considerations in metallurgy. 

For intermediate machine mountings, where higher than 
unground tolerances are required but ABEC-1 refinement is 
not justified, there is a “ground all over’ group. Many modified 
types are manufactured. 





Linear Motion Bearings 


The linear ball bushing is a type of ball bearing designed for linear mo- 
tion. It overcomes problems in sliding linear movements or in using bulky and 
expensive wheel and track arrangements, Fig. 20. 

Advantages over plain bushings include lower friction, elimination of 
binding and chatter, higher operating speeds, compactness, and unlimited 


travel. » 
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Typical applications include floating motor mounts, governors, textile 
twisting machines, machine-tool slides and tracers, cloth cutters, packing ma- 
chine mountings, and many related designs. 

Various sealing arrangements, mountings, and lubrication provisions are 
available in commercial and precision grades. 

The ball reciprocating bearing is another type of linear motion bearing 
used in applications where oscillation or rotation plus longitudinal movement 
of the shaft occurs, Fig. 21. It offers high capacity in this kind of service. 


Ball-Bearing Flange Unit 


This type of bearing unit, 
Figs. 22 and 23, is very 
similar to the pillow block 
in related size and series, 
with capacities about equal. 
Bearing design, its reten- 
tion, sealing arrangement, 
lubrication routines, and 
general performance are ‘ }} 
also very much like the 
pillow block of similar size 
and series. 
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Single-Row Ball-Bearing Pillow Block 


A single-row radial bearing, this type is modified to seat in a one-piece 
housing with built-in seals, Figs. 24 and 25. Bearing is inserted by means of 
diametral slots on side of housing. 

Available generally in three series, each is intended for particular service. 
Seal designs and 
general construc- 
tion may vary, but 
basic principle re- 
mains unchanged: 
a portable bear- 
ing mounting 
which can be car- 
ried to the loca- 
tion and quickly 
assembled into po- 
sition. 
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Double-Row Ball-Bearing Pillow Block 


This bearing unit is a double-row, self- 
aligning ball-bearing design, often with 
tapered bore, and used with adapter as- 
sembly in two-piece housing, Figs. 26 and 27. 

Bearing may be left free to float axially, 





or it may be locked in position by use of a 
stabilizing ring. Available in two standard 
series, with special housing designs available, 
such as floor stands, hanger boxes, etc., all 
related to basic design. 


Some sizes and designs are furnished for 


either grease or oil lubrication. 


Adapter assembly locks the unit through 


load line of bearing. 
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They Say... 


“Three principal factors control the growth of an 
industry or economy—manpower, materials and 
money. In the application of atomic energy to 
industrial purposes, we believe that the shortage of 
technically trained manpower may well reach such 
serious proportions that it will control the rate 
of growth of the industry to a greater extent than 
any other single factor.”—J. F. KAUFMANN, Atomic 
Energy Commission 
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Morton Bearing Co. (Head photo) 


Ann Arbor, Mich 


New Departure Div., General Motors 
Corp. (Figs. 2, 10) .. 
New Hampshire Ball Bearings Inc. 


Bristol, Conn. 


(Fig. 14) Peterborough, N. H. 


Nice Ball Bearing Co. (Fig. 19) 


Philadelphia, Pa. 


Sealmaster Div., Stephens-Adamson 
Mfg. Co. (Fig. 12) 
SKF Industries Inc. (Figs. 4, 5, 26, 27) 


Aurora, Il. 


Philadelphia, Pa. 


Split Ballbearing Corp. (Fig. 3) 


Lebanon, N. H. 


Thomson Industries Inc. (Fig. 20) 


Manhasset, N. Y. 


“The great American public is quick to appreci- 
ate ability. And I have found that the public does 
recognize the engineer in thinking that he can do 
just about everything there is to be done. But the 
public sees only the completed product; it does not 
appreciate the engineer’s part in it. It is as if the 
fans knew only the score of the ball game after it 
was finished. If the public could intimately see 
and understand the hits and runs and errors of 
the engineer as he works to perfect his product— 
to complete his ball game—its appreciation would 
be boundless for the wonders he performs.”— 
EVERETT S. LEE, editor, General Electric Review 
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Nomograph simplifies 


stress calculations for 


Pressurized Cylinders 


By Herbert A. Magnus 


Huntsville, Ala. 


ized cylinder may be calculated by several 
methods. Wall thickness usually determines 
the choice of method. 

Computation of stress in a thin-walled cylinder 
is relatively simple. Stress is usually assumed 
uniform throughout the wall thickness, and calcu- 
lated by the well known “hoop-tension’”’ formula: 


"TD tscd eytinder stress in an internally pressur- 


— 1) 
sy = —— ( 
, , D, , D; 


As wall thickness increases, however, the pre- 
ceding assumption introduces greater error. There- 


Nomenclature 


D, = Outside diameter of cylinder, in. 
D; = Inside diameter of cylinder, in. 





p = Internal pressure, psi 
D,/2 = Radius to any point in the cylinder wall, in. 
8, = Tangential stress in the cylinder wall, psi 


Fig. 1—Graph showing how stress values 
computed by Lame theory exceeds those 
given by simple hoop-tension formula 






































100 105 uo us 120 1.25 1.30 
Diameter Ratio 2, /' 0; 


February 23, 1956 


fore, a more complete theory of stress distribution 
and, hence, a more complex calculation are re- 
quired for stress determination in a thick-walled 
cylinder. 

Tangential stress in a cylinder, according to 
Lame, is 





D2 D.? 
( +2 ) (2) 


8 _— 
tigi D2 — D2 D,2 


Terms are defined in the accompanying Nomen- 
clature. 
By making D, = D,, maximum tangential stress 
can be found. Equation 2 becomes 
D,? + Dj? 


s&s = p 2— D3 (3) 








Divergence of results obtained by the two meth- 
ods, Equations 1 and 3, is shown graphically in 
Fig. 1. The simplified method, Equation 1, in- 
creases in error to 5 per cent at a diameter ratio 
of 1.10, and rises even more rapidly beyond this 
point. 

The nomograph, Fig. 2, simplifies stress calcula- 
tion for internally pressurized cylinders of any 
wall thickness. It is based on the more complete 
and accurate method of determining stress, Equa- 
tion 3. The simpler expression, Equation 1, need 
not be considered. 

The nomograph can be used to calculate maxi- 
mum tangential stress if internal pressure and 
outside to inside diameter ratio are known. Con- 
versely, a safe diameter ratio can be determined 
from known pressure and maximum allowable 
stress. 


Example: Assume inside diameter D; = 2 in., 
internal pressure p = 12,500 psi and the maximum 
allowable stress s; = 32,500 psi. To find outside 
diameter D,, locate 12,500 psi on the p scale, 
32,500 psi on the s, scale, and connect these two 
points '° a straight edge. The diameter ratio 
scale is intersected at 1.5. Multiplying inside di- 
ameter D; by 1.5 yields a value of 3 in. for out- 
side diameter D,. s 
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DATA SHEET Fig. 2—Nomograph for solving cylinder problems in terms PRESSURIZED CYLINDERS 
of ratio of outside diameter to inside diameter, maximum 
internal pressure, and maximum tangential stress 
T 20,000 i500 —- 
4 Key a 
4 T 
—+- 15,000 2000 —- 
4 > 
+ 10,000 3000 —}- 
de , + 
T 4000 —- 
mf Do f 0; 4 
4 p p 
+ , 5000 -}- 
+> . > 
—T 5000 ba : 7 
a» + + 
tT +2 + 
+ 4000 + + 
. | ‘ t 
> = — 1.5 pS 
+ y + 
a + 1.4 
— 3000 ~ T 10,000 ole 
+ a + 1.3 Pr + 
» 4 2 T = T 
+ = 
4 Ad +t ° L~ > . 
T > : 1.2 S wd 4 
+ a ih, “ +o 
-—~ 2000 _— 1 & @ 15,000 —- 
+ 5 J = 
+ c T 2 - | 
+ @ +i 6S + 
/ = f x i 4 
+ 1500 4+ 5 20,000 +- 
+ » > Xi 
+ <i - + 
+ 9 + 
—+- 105 Oo e 4 
| —- 1.04 Tt 
—+- 1000 + 30,000 —+- 
a —- 1.03 T 
4 
+ + + 
- > % 1.02 40,000 —- 
| T t 
+. 4 50,000 -- 
T + 1.01 ‘ 
-+- 500 T % 
+-- 400 + 
- -— = 1.005 me 
| + 
+ 300 100,000 -4- 
 y > 
7 a 
— 200 150,000 —- 
136 MACHINE DESIGN 





XUM 








XUM 


Light weight, high strength, corrosion 
resistance and increasing availability 


are factors to consider in ... . 





Designing for Magnesium 


BASICALLY, designing in mag- 

nesium is no different than 
designing in steel or aluminum. 
Magnesium structures react under 
applied loads in much the same 
manner as other metals. Mag- 
nesium alloys are available in a 
variety of forms such as rolled 
sheet and plate, extruded sections, 
castings, and forgings. 


Design Considerations: Magnesi- 
um is the lightest of all structural 
metals, Fig. 1. Aluminum is 50 
per cent heavier, and steel is ap- 
proximately 414 times as heavy as 
magnesium. On a strength-weight 
basis, Fig. 2, magnesium is supe- 
rior to the other materials except 
for the high-strength aluminum al- 
loys such as 7075 (formerly 75S) 
and 2024 (24S). Magnesium also 
holds a definite advantage over 
steel and aluminum on a stiffness- 
weight basis, Fig. 3. Advantages 
shown by these comparison charts, 
however, can be realized only if 
increases in cross-section area of 
the magnesium part is made by in- 
creasing depth of the section. 


Selection of Alloy: Most com- 
monly used wrought alloy is AZ31. 
It is used for rolled sheet and 
plate, extruded shapes and tubing, 
impact extrusions and forgings. 
AZ31 alloy has very good strength 
and fatigue characteristics. Rolled 
sheet and plate material may be 
readily formed, deep drawn, and 
welded except for sheet furnished 
in hard-rolled H24 condition. Hard- 
rolled sheet has higher physical 
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properties but should not be used 
for parts requiring severe forming 
or welding since it loses the hard- 
rolled properties when heated above 
350 F. AZ31 extrusions have the 
same physical properties as the an- 
nealed sheet material and may also 
be formed and welded. M1 mag- 
nesium alloy is used for rolled 
sheet and extruded sections. It has 
lower strength characteristics than 
AZ31 alloy but somewhat better 
corrosion resistance. In both 
forms it has excellent hot forma- 
bility and weldability. 

Extrusions are also available in 
AZ80 and KZ60 alloys. These al- 
loys are both heat-treatable and 
have higher physical properties 
than AZ31 alloy. Extrusions of 
these alloys are not recommended 
for forming or welding operations 
but are particularly adaptable for 
highly stressed parts which do not 
require forming. 

The most commonly used mag- 
nesium casting alloys, AZ63A and 
AZ92, are both heat-treatable and 
have good casting characteristics. 
AZ63A alloy has maximum tough- 
ness and ductility combined with 
good yield strength. AZ92 alloy has 
the highest yield strength, fair 
pressure tightness, and is weldable. 
AZ91A alloy is commonly used for 
die castings, while AZ91C alloy is 
used for sand castings and has 
properties intermediate between 
AZ92 and AZ63 alloys. 

Several casting alloys, such as 
EK30A, EK41A and EZ33A, con- 
tain small percentages of rare 
earths. These alloys are especially 


recommended for use at elevated 
temperatures from 350 to 500 F. 
They have good creep strength at 
elevated temperatures, good pres- 
sure tightness, and are heat-treat- 
able. 


Fabricating Methods: Magnesi- 
um sheet can be worked by con- 
ventional methods, such as press- 
brake forming, stretch forming, 
die forming, rubber forming and 
spinning. While simple forming 
can be done at room temperature 
with liberal bend radii, most mag- 
nesium forming is done at elevated 
temperatures of from 350 to 600 F. 
Hot forming permits use of bend 
radii as sharp as 114 times thick- 
ness and makes severe forming op- 
erations possible. 

When hot, magnesium sheet ma- 
terial may be deep drawn in a sin- 
gle stage to much greater depth 
than other metals. Since mag- 
nesium anneals at the 550-650 F 
temperatures used, the draw is 
completed in one operation. A chart 
of suggested design factors, Fig. 4, 
has been prepared as a guide. 

Magnesium extrusions are avail- 
able in standard shapes such as 
angles, channels, I-beams, and tub- 
ing. The designer can often sim- 
plify construction and reduce the 
fabrication time required for a unit 
by using special extrusions. Die 
costs are relatively low; for pro- 
duction parts, the cost of a die is 
usually insignificant compared to 
the reduction in fabricating costs. 

Magnesium castings have good 
strength characteristics. Magnesi- 
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um alloys were first used in cast- 
ings, and improvement of alloys 
and casting techniques has steadily 
kept pace with the rest of the in- 
dustry. 

Magnesium parts may be assem- 
bled by several methods such as 
riveting, bolting, spot welding, arc 
welding and bonding. 

Riveting practices for magnesi- 
um are the same as those for alu- 
minum except that 5056 (56S) 
aluminum alloy rivets are used to 
reduce the possibility of galvanic 


corrosion. When magnesium is 
riveted to magnesium, both parts 
should be primed prior to riveting 
to prevent corrosion on the fac- 
ing surfaces. When moisture traps 
may occur, especially when mag- 
nesium is riveted to a dissimilar 
metal, a sealing compound should 
also be used. 

Steel fasteners used in magnesi- 
um assemblies should always be 
zinc or cadmium plated to reduce 
possibility of galvanic corrosion. 
Bolts are frequently used to attach 
steel fittings to magnesium assem- 
blies. For normal service condi- 
tions, zinc-chromate primer applied 
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to both the magnesium and the 
steel part prior to assembly pro- 
vides sufficient corrosion protec- 
tion. If severe service conditions 
are expected, insulating tape or 
gasket material should be specified 
under the steel fitting. If bolts are 
to be installed in tapped holes in 
magnesium parts, it is advisable 
to use stainless-steel wire inserts 
or plated steel bushings to obtain 
better shear-out and wear charac- 
teristics. For permanent fasten- 
ings, bolts may be threaded direct- 
ly into magnesium provided a min- 
imum thread engagement of 2 di- 
ameters is used. For all tapped 
holes in magnesium the coarse- 
thread series should be used. 

Next to riveting, are welding is 
the most commonly used assembly 
method. All arc welding is done 
by the shielded-arc method with 
either helium or argon gas for 
shielding. Efficiencies of 85 to 95 
per cent may be expected of weld 
metal compared to the parent met- 
al. Ductility of magnesium welds 
is also very good. All magnesium 
parts should be stress-relieved af- 
ter arc welding to prevent stress 
cracking. 


Finishing Methods: Several 
chemical treatments may be used 
to provide good paint adhesion and 
increased corrosion protection. 
These include chrome-pickle (Dow 
No. 1), dichromate (Dow No. 7), 
galvanic anodize (Dow No. 9), and 
sealed chrome-pickle (Dow No. 
10). The chrome-pickle treatment 
is widely used to protect semifin- 
ished forms, such as sheet and ex- 
trusion, during shipment and stor- 
age. It is not widely used as a 
paint base except on M1 alloy since 
it requires close control. The di- 
chromate treatment is the most 
widely used as a paint base and 
provides good adhesion. 

HAE and Dow No. 17 treat- 
ments are new electrolytic pro- 
cesses which deposit a hard ceram- 
ic coating on the metal. These 
coatings provide excellent resist- 
ance to corrosion, abrasion and 
heat. They also provide a good 
paint base and tend to absorb the 
paint into the coating. Since these 
coatings are very hard, they tend 
to spall during riveting operations 
and on the compression side of 
panels. This may be overcome by 
use of a thin electrolytic coating 
covered by paints which tend to 


MACHINE DESIGN 





an. a, a a a a a 





KUM 


reduce spalling. Iridite No. 15 isa 
new chemical immersion treatment 
which deposits a dark brown coat- 
ing on AZ31 alloy similar to the 
dichromate coating. It has the ad- 
vantage of requiring only a very 
short treatment time but does re- 
quire careful rinsing to prevent 
paint blistering. 

Most commonly used primer is 
zinc-chromate primer. Wash prim- 
ers have been used with good re- 
sults even on bare metal but are 
not approved for use on Govern- 
ment equipment. Several other 
primers such as AP 10 have also 
been used with good results. 

Most common finish paints are 
baked enamels and lacquers. Ap- 
plied over a well-prepared primed 
surface, these finish paints will 
give long and satisfactory service. 

In addition to these protective 
systems, plating is now available. 
A thin film of zinc is chemically 
deposited on the magnesium part. 
This step is immediately followed 
by a standard plating. This makes 
available a good decorative finish. 
However, at the present time, plat- 
ing cannot be recommended as a 
finish to protect the metal against 
severe corrosive conditions. Suit- 
able paints are considered better 


for this purpose. 


Applications of Magnesium: 
There has been a great demand 
for light-weight pressurized cases 
for electronic equipment in air- 
craft. Many such cases have been 
designed in magnesium and have 
proved very successful. 

Most magnesium pressure cases 
being produced today use castings 
for cover mounting flanges. Cast- 
ings were originally considered im- 
practical for this use because of 
porosity in the base metal and al- 
so in weld joints between the cast- 
ing and the shell. The results with 
AZ92 alloy castings have been very 
good. Units that develop leaks 
due to porosity are impregnated 
after fabrication and machining. 
Some experimental work has been 
done with EZ33A castings (British 
ZRE1 alloy) with excellent results. 
This alloy is noted for its freedom 


from microporosity. When welded. 


to AZ31A sheet, a very sound pres- 
sure-tight weld is obtained. 
Magnesium cooler-plate assem- 
blies, Fig. 5, are also a new devel- 
opment in electronic equipment. In 
use, electronic components to be 
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cooled are mounted on the surface 
of the hollow plate assembly, and 
air is passed through the interior 
spaces to carry off heat. This 
plate assembly is made up of two 
finned sections joined face-to-face 
by arc welding. Sheet-metal head- 
ers are welded to each side to pro- 
vide for attachment of air ducts. 
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machined after welding to provide 
a flat area for equipment mounting. 
Flatness and high-quality surface 
finish are very important since 
heat transfer from the components 
to the plate take place by direct 
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for this application, for its light 
weight and its excellent heat-con- 
ducting properties. 

Copper plating has been done 
successfully for some time, but 
early platings had poor adhesion 
to the metal surface. The elec- 
tronic housing shown in Fig. 6 was 
copper plated by a recently im- 
proved process. It was then as- 
sembled and hermetically sealed by 
sweating a copper strip over the 
joint. On similar test units, this 
seal strip has been peeled off and 
replaced several times with no 
damage to the plated surface. 

Magnesium is being used ex- 
tensively for radar _ reflectors. 
There is a double gain: the weight- 
saving in the basic unit, and a re- 
duction in size and weight of the 
driving unit. The antenna shown 
in Fig. 7 is of particular interest 
since it was designed to withstand 
high accelerations. The back-up 
section is fabricated by arc weld- 
ing and is heavily reinforced for 
rigidity, while the outer reflecting 
surface is attached to the weld- 
ment by bonding. 

With increasing aircraft and mis- 
sile speeds, temperature has be- 
come one of the new problems to 
be faced by designers. External 
skins and much of the primary 
structure must be designed for 
high temperatures. Present alumi- 
num alloys lose strength rapidly 
above 300 F. The new titanium al- 
loys do an excellent job from 700 
to 1000 F. Magnesium-thorium al- 
loy HK31 fills the gap in the 300 
to 700 F temperature range. Fig. 8 
shows comparative strength of 
HK31 magnesium, 2024 (24S) and 
7075 (75S) aluminum, and A-55 
titanium at elevated temperatures. 

This new HK31 alloy is available 
in rolled sheet and plate form. It 
may be obtained in annealed or 
H24 hard-rolled condition. An- 
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Fig. 5—Left — Mag- 

nesium cooler - plate 

assembly for elec- 
tronic mountings 


nealed sheet may be solution heat- 
treated to the T6 condition after 
fabrication for improved proper- 
ties at temperatures exceeding 
500 F. Fabrication methods for 
HK31 alloy are basically the same 
as those used for AZ31 alloy: it 
may be spot welded, arc welded, 
formed and deep drawn. Stress 
relief after welding should be at 
approximately 200 F higher than 
for AZ31, except for the H24 ma- 
terial which should not be stress 
relieved at temperatures higher 
than 620 F. Standard finishes may 
be applied to HK31 sheet material 
except that the dichromate treat- 
ment cannot be used and is re- 
placed by the chrome-pickle or 
sealed chrome-pickle treatment. 

From a paper entitled “Design 
Principles in Magnesium” present- 
ed at the 11th Annual Convention 
of the Magnesium Association in 
in New York, October-November 
1955. 
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Fig. 6—Copper-plated mag- 
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Fig. 7 — Magnesium radar 
antenna 





60 






































7075-T6 
Aluminum 
so BN 
P 7" 
a 7° eoea-r6\ Ss 
° Aluminum m3 A-55 
= Titanium 
Fig. 8 — Tensile @% _ © 
strength of several ¢£ 
metals at elevated tem- 2 HK31-T6 
= nesium 
peratures a Thoriuen| 
2 
g 20 \ 
Fe AZ31-0 
east NA 
Ce) 
300 400 500 600 700 800 


Temperoture ( F ) 


MACHINE DESIGN 








XUM 


BEARING TIPS by McGill 




















CLEVELAND TRAMRAIL GUIDES MOTOR 
HEADS ON McGILL CAMROL BEARINGS 


Motor-driven electric hoist carriers 
made by the Cleveland Tramrail 
Division of The Cleveland Crane & 
Engineering Company, incorporate 
McGill CAMROL Cam Follower 
bearings as side guide rollers for 
the motor head. 


The CF bearings keep the motor 
head square on the monorail track 
used in this system*and guide the 
head around curves. Moving on the 
rails at speeds up to 250 feet per 
minute, the bearings take the thrust 
load when entering into a curve. 


Replacing spring loaded friction type 
bolt and roller units, the simplicity 
of mounting and the friction-free 
operation of the CAMROL cam fol- 
lowers provide dependable, trouble- 
free operation of the carrier assembly. 
Used almost six years, bearing per- 
formance has been most satisfactory. 


Fest-poches Bearing Catalog 


Write for your 
copy of Catalog 
No. 52, a revised 
140-page Bearing 
Selection Guide. It 
contains vital prod- 
uct information 
and 30 pages of en- 
gineering data, 








CAMROL BEARINGS DIRECT 
_ eeaTe CAM action 

















Precision built throughout, CAM- 
ROL CF Bearings are designed to 
add the advantages of smooth ac- 
curate cam action to rugged shock- 
absorbing dependability in any 
type cam follower application. An 
interchangeable sealed SCF series 
protects critical installations. 

















Lodge and Shipley Lathes 





Support 18’ Propellors on Camrol CYR Bearings 


Eighteen foot propeller shafts and 
other large work are si ported 
and guided accurately on Lodge 
and Shipley Lathes through use of 
Camrol CYR Bearings. The Lodge 
and Shipley Company has stand- 
ardized on these heavy duty Cam 
Yoke Roller Bearings for the 
Roller Jaw Steady Rest on their 
larger Engine Lathes. Four CYR 
bearings are mounted in a yoke 
at the ends of adjustable slides to 


PERE RE RERE ERR RREREAAASAESASAEASE SEER 
. 


: Insure performance with 


° See eee eee eeeeeeeeeeeeee eeeeeeeeeeseee 


McGILL MANUFACTURING COMPANY, INC., 


February 23, 1956 


MGILI? eZ GUIDEROL camrou 


Full Type Roller Bearings 
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provide dependable, precision sup- 
port for a variety of work. 





CAMROL CYR Series 
Adapts To Yoke Mounting 


Internal construction of the CYR 
Series bearing is similar to that of 
a CF Series bearing with a heavy 
outer ring selection to withstand 
shock load. However, the stud is 
replaced by an inner ring for re- 
ceiving shaft in a yoke mounting. 





200 N. LAFAYETTE ST., VALPARAISO, INDIANA 
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OESIGN ABSTRACTS 


Applying Notch Tensile Tests 


to solution of design problems 


By J. D. Lubahn 
Research Associate 
General Electric Research Lab. 
Schenectady, N. Y. 


RINCIPAL value of notch ten- 

sile testing to engineering 
problems is to distinguish between 
“notch-ductile” and “notch-brittle” 
behavior of loaded members. When 
the metal is sufficiently notch duc- 
tile, a satisfactory safeguard 
against fracture for notched parts 
subjected to static tension is to de- 
sign for an average stress on the 
minimum section equal to the ten- 
sile or rupture strength, divided by 
a suitable safety factor. This pro- 
cedure results in considerable local 
plastic flow, of course, guarantee- 
ing only against complete failure 
by fracturing. The safety factor, 
in this case, must be at least large 
enough to cover the variability of 
tensile strength among different 
lots of material. 

It is not yet clear how to tell 
with certainty whether the metal 
is “sufficiently” notch ductile for 
the above design procedure to be 
valid. In some cases service fail- 
ure has occurred at an average 
stress far below tensile strength, 
even though a small notch tensile 
specimen has indicated good notch 
ductility. 


Basis for Design: For notch-duc- 
tile metals, designing on the basis 
of average stress is more reason- 
able than the classical method us- 
ing elasticity theory and the con- 
dition of yielding to avoid any plas- 
tic flow, even locally. This classi- 
cal method is applicable to very 
brittle metals, but is overconserva- 
tive for metals that have even a 
small ductility. When the metal 
has some ductility, but not enough 
to permit the use of the average 
stress in design, there is no known 
design procedure that is applicable. 
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Development of a design pro- 
cedure for notch-brittle metals 
awaits a more fundamental under- 
standing of the various factors 
that govern fracture: size, stress 
state, strain rate, residual stress, 
strain gradient, etc. For engineer- 
ing purposes, this understanding 
need not be detailed enough to be 
able to state the mechanism of 
fracture at the atomic or crystal- 
lographic level, but it must be com- 
plete enough to permit the predic- 
tion of one test result from the re- 
sults of other tests. 


Correlation of Test Results: The 
most obvious basis for correlating 
different test results is that frac- 
ture occurs at the same strain for 
the same local conditions of stress 
state, etc., regardless of the condi- 
tions present in neighboring re- 
gions. Such a correlation would be 
feasible for conditions where frac- 
ture begins at a free surface. How- 
ever, notch bend tests and notch 
tensile tests indicate that, under 
certain circumstances, fracture be- 
gins below the surface. For such 
subsurface crack initiation, test re- 
sult correlation on the foregoing 
basis appears rather difficult, be- 
cause the stress conditions below 
the surface are hard to determine, 
and also because it is hard to de- 
termine the exact location of crack 
initiation. 

A more practical, though less 
scientific, basis for test correlation 
has been suggested. This sugges- 
tion is based on the hypothesis that 
a particular elastic stress distribu- 
tion will be transformed by plastic 
flow into a particular strain dis- 
tribution and a particular triaxial- 
ity distribution, regardless of the 


conditions of geometry and load- 
ing which caused that elastic stress 
distribution. This hypothesis is 
reasonable and, if true, would per- 
mit comparison between test re- 
sults and engineering performance 
without knowledge of the local con- 
ditions at the place where fracture 
begins, but only of the more easily 
measured surface strains. 


Comparing Tests and Perform- 
ance: A notched test specimen can 
be devised having an elastic stress 
distribution essentially the same as 
a manufactured part, as determined 
by photoelasticity. The test speci- 
men fails when the surface strain 
reaches a certain measured value, 
corresponding to some smaller duc- 
tility value below the root of the 
notch, where triaxiality has caused 
failure. In the manufactured part, 
the same triaxiality should cause 
failure at the same ductility and 
at the same distance below the sur- 
face. Because the neighboring 
strain distribution is the same as 
in the test specimen, the manufac- 
tured part also has the same sur- 
face strain at fracture as the mea- 
sured value from the test specimen. 
This surface strain can be con- 
verted to load-carrying capacity 
by means of a model test. 

Regardless of what basis is 
found ultimately to be suitable for 
relating different tests to each 
other, one requirement for the ef- 
forts of the immediate future 
seems clear. It is imperative to 
make more kinds of tests on a few 
materials, so as to understand the 
tests better, rather than accepting 
the value of some given test on 
faith, and making tests only of 
this kind on a great variety of ma- 
terials. Any serious efforts to com- 
pare different tests in terms of 
some basic concept will be the be- 
ginning of the development of a 
rational procedure for designing 
against fracture. 

From a paper entitled “On the 
Applicability of Notch Tensile Test 
Data to Strength Criteria in Engi- 
neering Design” presented at the 
ASME Annual Meeting in Chicago, 
November, 1955. 
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Finest flexible hose yet 
for tough service 
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Resistoflex Teflon® hose 


proves ideal... 





@ for handling corrosive fluids 
® for hardworking steam and gas lines 


‘ 
\ @ for temperatures to 500°F 


Here’s the original “flexible piping” with the re- 
markable properties of Teflon. 


Its tube, made from a special compound of 
Teflon, is completely inert to all chemicals. 


SAE 304 stainless steel wire braid reinforces to 
1000 psi working pressure. 


Non-aging hose .. . stays flexible indefinitely 
from —100°F to +500°F. 


Compression fittings . . . are not only leakproof, 
but also blowoff proof. 


Fluoroflex®-T hose cuts replacement costs, re- 
duces downtime and maintenance expenses, im- 
proves a product. If you have a tough hose 
problem, it will pay you to contact us. Send for 
Bulletin FH-2. 


* RESISTOFLEX CORPORATION, Roseland, 


HOSE LIFE MORE THAN TRIPLED New Jersey; Western Plant: Burbank, Calif. 


Conventional flexible hose failed in less than a year handling 
adhesives on this machine. Fluoroflex-T hose is good as new 





after 3 years. It’s “forgotten” once installed. ® Tefion is a DuPont trade mark. Fluoroflex is a Resistoflex trade mark. 
20th year of service to industry 
—ITEM 220— 
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Metals Services 
Production and processing of made- 
to-order metals in experimental 
quantities is described in booklet, 
“Precision Metals Services.” Pilot 
plant facilities for producing 10-Ib in- 
gots by regular or vacuum melting 
are described. Metal can be rolled 
down to only 0.00025-in. thick. 16 
pages. Hamilton Watch Co., Allied 
Products Div. 
—Circle ITEM 1 


Magnetic Clutches & Brakes 


Line of seven standard types of 
miniature, magnetic clutches and 
brakes covered in catalog 955 is in- 
tended for applications where a 
simple disconnect of nonchattering 
brake is required. Clutches range 
upward from 2%-oz, 1-in. OD unit 
which delivers 30 oz-in. torque on 
2 w. 8 pages. Dial Products Co. 

—Circle ITEM 2 


Friction Materials 


Friction materials and molded 
damper parts for automotive, indus- 
trial equipment and home appliance 
manufacturers are described in fold- 
er 648. Materials come in wide va- 
riety of standard shapes and sizes, 
or engineered to specifications. 4 
pages. Firestone Tire & Rubber Co., 
World Bestos Div. 

—Circle ITEM 3 


Powder Metallurgy 
Sections in bulletin on powder met- 
allurgy cover the powder metallurgy 
process, designing for powder metal- 
lurgy, typical applications and com- 
pany facilities. Physical character- 
istics and chemical composition of 
number of ferrous and nonferrous 
materials are given. 18 pages. Key- 
stone Carbon Co. 
—Circle ITEM 4 


Gear Couplings in Action 

Case histories in new booklet 
“Amerigear Couplings . . . in Action” 
deal with heavy mill service, high- 
speed turbines, hydraulic presses, 
power supply, aircraft power drives, 
marine service and other applica- 
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tions. Couplings offer all advantages 
of conventional gear couplings, plus 
crowned flank, crowned tip and 
chamfered tip. 12 pages. J. A. 
Zurn Mfg. Co. 

—Circle ITEM 5 


Side Indicator Panel Meters 


Performance information on new 
series of large side indicator panel 
meters with bi-level scale is provid- 
ed in engineering data sheet. These 
model 1145 meters require panel area 
of only 5.5 sq in. 2 pages. Interna- 
tional Instruments Inc. 

—Circle ITEM 6 


Air-Line Lubricators 


Air-Line lubricators described in 
bulletin 4169 are made in sizes for 
use with the smallest hand-held air 
tools to the largest quarry-type 
drills. The % and 1-pt size units 
covered are designed to prevent dam- 
age resulting from improper lubri- 
cation. 8 pages. Ingersoll-Rand Co. 

—Circle ITEM 7 


Magnetic Coolant Separator 
Sizes, capacities and flow rates for 
Dings magnetic coolant separators 
are featured in diagram-illustrated 
data sheet. Sizes range from 5 to 
100 gpm capacity. 2 pages. Indus- 
trial Filtration Co. 
—Circle ITEM 8 


Open Gear Lubricant 
Bulletin 105, covering Molykote 
165A and Loex lubricants, has been 
revised to include test data which 
compares 165X with conventional 
open-gear lubricants in terms of fric- 
tional torque versus jaw load. Loex 
is lithium base lubricant with —100 
to 250° F range. 2 pages. Alpha 
Molykote Corp. 
—Circle ITEM 9 


Batch Weighing Machines 


Weighing machines for semiauto- 
matic packaging, bagging, batching, 
compounding and feeding of chem- 
icals, pharmaceuticals, plastic pow- 
ders, powdered metals, granular ma- 
terials and food products are descrip- 
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tively covered in form 3302. Hopper 
capacities of machines are 1% and 
3 cu ft. 4 pages. Exact Weight 
Scale Co. 

—Circle ITEM 10 


Elapsed Time Indicator 


Features and schematics relative 
to 3%-in. series HD-654 elapsed time 
indicator for use in registering op- 
erating times of equipment are given 
in bulletin MHD-155. Reverse side 
describes 2%-in. multiple scale in- 


strument. 2 pages. DeJUR-Amsco 
Corp. 

—Circle ITEM 11 
Company Story 


“The Reliable Story” is title of 
brochure which relates the develop- 
ment and activities of this precision 
spring making firm. Facilities for 
producing compression, extension, 
flat coil and torsion springs as well 
as many ring, coil and small wire 
assemblies are pictured. 24 pages. 
Reliable Spring & Wire Forms Co. 

—Circle ITEM 12 


Resistors & Controls 
Covered in catalog No. 55 on re- 
sistors, controls and resistance de- 
vices are asortments of wire-wound 
resistors mounted on cards; fuse- 
type resistors for protecting TV 
components; deposited carbon pre- 
cision resistors; and industrial and 
precision controls for laboratory and 
instrument use. Clarostat Mfg. Co. 
—Circle ITEM 13 


Stainless Heat Exchangers 


Styles, sizes, dimensions, weights 
and materials of construction used 
in special-design stainless steel heat 
exchangers are given in illustrated 
catalog 1155. Type SSF units are 
used to heat or cool liquids and gases 
in many processing industries. 4 
pages. Young Radiator Co. 

—Circle ITEM 14 


Graphic Engineering 

Ability to understand the new, the 
complex and the highly technical and 
the ability to graphically interpret, 
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Tail section of North American F-100 


vacuum-melted metals for “hotter” engines... 


Vacuum-melted metals are breaking the “thermal- 
metal-barrier” of jet engine design. For they 
make possible higher engine operating tempera- 
tures, under conditions where conventional alloys 
fail rapidly. 

Turbine blades of vacuum-melted superalloy, 
for example, were tested together with compa- 
rable blades of air-melted alloy. After 40 hours 
of operation the air-melted blades broke when 
bent less than 90° . . . the vacuum-melted blades 
took a full 180° bend without failure! For main 
shaft ball bearings, too, vacuum-melted metals far 
outperform conventional alloys. 

Here’s why .. . VACUUM MELTING LIT- 
ERALLY SUCKS GASEOUS IMPURITIES 
FROM THE MOLTEN METAL...REMOVES 
INCLUSIONS AND GASSES THAT LIMIT 


THE PERFORMANCE OF CONVEN- 
TIONAL AIR-MELTED ALLOYS. RESULT: 
PURER METALS WITH EXCEPTIONAL 
PROPERTIES . .. LONGITUDINAL AND 
TRANSVERSE UNIFORMITY .. . HIGH- 
ER CREEP AND STRESS RUPTURE 
STRENGTH...BETTER DUCTILITY AND 
FATIGUE STRENGTH. 

Vacuum Metals Corporation, pioneer in the 
development and production of vacuum-melted 
and cast alloys, is producing these unique new 
metals designed for a wide variety of aircraft 
applications. If you have a metals problem that 
vacuum-melted alloys might solve, please describe 
it in as much detail as possible. Write Vacuum 
Metals Corporation, P. O. Box 977, Syracuse 1, 
New York. 


VACUUM METALS CORPORATION 


Jointly owned by Crucible Steel Company of America and National Research Corporation 
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FILTER AND 
RESERVOIR 


Automobile power-steering mechanism 
uses the filter case as a reservoir for the 
hydraulic oil supply. 


Question: 





What do you gain by including 
filters in original designs? 

When installed equipment will 
not operate satisfactorily with- 
out filtration ...or when cost 
savings and improved perform- 
ance seem possible . . . filters can 
be added as an afterthought. But 
will foresight at the planning 
stage pay off in extra benefits? 





Oil filter pad-mounted on side of engine 
crankcase. 


PURDLATOR 





FIRST in the 5 field of filtering 


‘ 
¥v 


FORUM 


TO POWER STEERING 
DISTRIBUTION VALVE 





GENERATOR 


Answer: 


Economy, space, accessibility, 
better performance 

Although it is certainly good en- 
gineering practice to put in a 
filter as soon as the need shows 
up, the benefits of anticipating 
that need are considerable: 

1. A preplanned filter installation 
can cost less through simplification 
of required connections; through 
partial or total elimination of the 
filter case; or through utilization of 
the filter case for dual functions as 
in the example in our illustration. 
2. Economical use of space and the 
job of “fitting things in” is more 
productive of good design in the 
plans stage. 

3. Preplanning provides accessibil- 
ity for servicing the filter and 
reaching other parts of the unit 
which might be blocked by an on- 
the-job filter installation. 

4. Operating characteristics, i.e., 
the problem of pressure drop vs. 
flow characteristics can be balanced 
more effectively in the design phase. 





MAIL COUPON FOR DESIGN INFORMATION 
Dept. D9-28, Purolator Products, Inc., 970 New Brunswick Ave., Rahway, N. J. 
Please send me the following filter information: 


Purolator's new “Filtration Manual for Designers". 


I'm enclosing 25¢ to cover postage and handling. 





Enclosed is a description of our filter problem. How should we solve it? 
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Helpful Literature 





describe and explain are require. 
ments of “graphic engineering,” sub- 
ject of brochure “A Voice for Tech- 
nology.” Company service in or- 
ganizing and arranging a _ technical 
publication is described. Personne] 
qualifications and facilities are de- 
tailed. 12 pages. Robert B. War- 
man, Inc. 

—Circle ITEM 15 


Control & Indicating Switches 


Line of Unimax precision switches 
for control and indicating circuits is 
subject of illustrated catalog 655. 
Specifications, design features and 
dimensions for general purpose, high 
sensitivity, open-blade, direct cur- 
rent, metal case and other type units 
are given. 24 pages. W. L. Maxon 
Corp., Unimax Div. 

—Circle ITEM 16 


Twice As Heavy As Steel 


High density Fansteel 77 metal, a 
machinable tungsten - copper - nickel 
alloy that is twice as heavy as steel, 
is subject of illustrated booklet F- 
1054. Metal is used for counter- 
weights, rotors, flywheels, governors 
and vibration dampeners. Properties, 
manufacturing processes and other 
data are given. 16 pages. Fansteel 
Metallurgical Corp. 

—Circle ITEM 17 


Fluorocarbon Plastic Uses 


“Inside U.S.G.” is a brochure that 
uses word and picture to show how 
this company functions as a supplier 
of fluorocarbon plastics for many 
mechanical, electronic and chemical 
resistant purposes. It fabricates 
Tefion, Kel-F, Bakelite Fluorothene 
and others. 20 pages. United States 
Gasket Co. 

—Circle ITEM 18 


Brake for AC Motors 


How the type D Unibrake brings 
an AC motor to a rolling stop elec- 
trically, with no wear, is told in data 
folder. Cut-away view shows con- 
struction features of the dynamic 
braking unit. Brake windings are 
built into the motor and give uni- 
form braking action every time. 4 
pages. Master Electric Co. 

—Circle iTEM 19 


Plastic Pipe Fittings 

Industrial applications of unplas- 
ticized polyvinyl chloride pipe fit- 
tings, flanges and piping are dis- 
cussed in illustrated booklet TTP- 
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This Booklet tells 


HOW TO DESIGN 





for Hunter Douglas Aluminum 


COLD FORGINGS & 
IMPACT EXTRUSIONS 


Oi a 





{f you want to sparkle with new and refresh- 
ing approaches to many design and manu- 
facturing problems you'll want this Hunter 
Douglas book... just off the press! It out- 
lines basic principles of aluminum cold 
forging and impact extruding, tells what 
types of parts can be formed and gives 
examples of the wide range of part geom- 
etry possible with this advanced process! 


Written for Designers 


This booklet will suggest many exciting advantages over cun- 
ventional manufacturing procedures, saving costs on both tool- 
ing and production. Shows how complex shapes can be formed 
instantly to precision tolerances, frequently without need for 
subsequent machining! Tells why you get stronger parts free 
from porosity and how many multi-piece assemblies can be 
reduced to one-piece cold forgings! If your production potential] 
equals 10,000 or more units per month Hunter Douglas cold 
forgings will be of interest to you! 


Hunter Douglas 


HUNTER DOUGLAS CORPORATION. DEPT MD-2, RIVERSIDE. CALIFORNIA 


February 23, 1956 
















Sent without cost to qualified 
persons engaged in engineering 
and purchasing. Booklets are 
limited to requests made on 
company letterheads! 


Corporation 


TELEPHONE: OVerland 3-3030 
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Your Engineer is Right! 


Investment Casting permits new approaches to design and production engineering, 
unbound by the restrictions of traditional metallurgical practices and manufacturing 
techniques. 

Major economies are obtained when your products or components are designed . . . or 
redesigned . . . with tolerance, surface and inspection criteria to conform with casting 
techniques. The resultant savings in final cost and production time, more than repay 
this small investment. 

Your design engineer deserves and requires the great flexibility and latitude in design 
and production planning offered by Investment 
Casting. If application requirements demand that 
a part be of complex shape, intricate contours in a 
material that’s difficult to form or machine, in short 
or long run quantities, Investment Casting may 
provide the economical answer. 




















CASE IN POINT! 


Freedom of Design 


The rudder over-balance eliminator used on 
the jet bomber is an investment casting of 
specification QQ-M-55 Magnesium, Alloy AZ-92. 
This intricate design is more economically 
produced by investment casting than any other 

rocess, permitting design freedom and assur- 
ing quality performance. 











ARWOOD PRECISION CASTING CORPORATION 
78 Washington Street ® Brooklyn 1, New York 
Plants: Brooklyn, N. Y. © Groton, Conn. © Tilton, N. H. © Los Angeles, Calif. 
“PIONEERS IN INVESTMENT CASTING” 
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Helpful Literature 





119. Specifications for normal and 
high impact grades of threaded and 
socket type fittings and flanges are 
given, along with other technical 
data. 12 pages. Tube Turns Plas- 
tics, Inc. 

—Circle ITEM 20 


Small Switches & Their Uses 


Technical data on 4MA and 5MA 
pushbutton actuators for industrial 
devices are found in 2-page data 
sheet P99. Plastic encased appliance 
switches featuring small size and 
high capacity are subject of 2-page 
data sheet 106. Also offered is 4- 
page publication “Uses Unlimited,” 
on new Micro switch applications, is- 
sued “every now and then.” Minne- 
apolis-Honeywell Regulator Co., Mi- 
cro Switch Div. 

—Circle ITEM 21 


Industrial V-8 Engine 


Forty pictures, charts, drawings 
and diagrams are used in this bulle- 
tin on H540 and H844 V-8 engines to 
illustrate design, performance and 
economy of these two industrial en- 
gines. Operation is on gasoline, nat- 
ural or LP gas. They are rated at 
190 and 285 hp. 8 pages. Westing- 
house Air Brake Co., Le Roi Div. 

—Circle ITEM 22 


Shaded Pole Motors 


Details of 6-pole, 1050-rpm shaded- 
pole motors for air conditioning and 
air moving uses are found in ilius- 
trated catalog. Ratings are 1/35 to 
\%-hp. Featured are Formvar insu- 
lated wire windings, Al-Spun alumi- 
num rotor cage, widely spaced bear- 
ings and resilient ring mounting. 4 
pages. Lamb Electric Co. 

—Circle ITEM 23 


Rubber Lattice Mountings 


Problems of low frequency, high 
amplitude vibrations in heavy indus- 
trial machinery can be solved by use 
of bonded rubber lattice mountings, 
described and illustrated in bulletin 
701. Various sizes have 4 to 1%- 
in. static deflection and 250 to 3000- 
lb capacities per mounting. 4 pages. 
Lord Mfg. Co. 

—Circle ITEM 24 


Free-Machining Steel 


Fatigue-Proof is name of a high 
strength, wear-resisting free-machin- 
ing steel bar, described in illustrated 
brochure. Tables give chemical and 
physical properties and a chart com- 
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* Control Components Digest « 





News and notes on resistors, rheostats, relays, motor controls, dimmers and other control components 








BIG MOON RADAR undergoing tests. Ward Leonard resistors—like those in foreground— 
help this gear stay on the air—or, rather, on space. 


New moon radar to explore outer space 


The U.S. Army Signal Corps hasn’t 
got a transmitter in outer space —yet. 

So, for their continuing studies of 
radio wave propagation in space and 
the upper atmosphere, they bounce 
radio waves from their new high-pow- 
ered radar, Diana, off the moon and 
planets and study the return pulse. 

Designed and built by Radio Engi- 
neering Laboratories of Long Island 
City, N. Y., the new radar transmitter 
puts out 50 kilowatts, continuous 
wave, and may be pulse modulated at 
various pulse widths and repetition 





rates. Receiver gain is 170-db at bet- 
ter than 3-db noise figure. 

Throughout the equipment, high- 
stability Ward Leonard resistors, like 
the big Vitrohm resistors shown above, 
do duty as high-voltage bleeders, 
surge and current limiting resistors, 
and protective meter shunts in high- 
voltage circuits. 

You'll find Ward Leonard Vitrohm 
resistors completely described in our 
64-page Catalog No. 15, together with 
nomographs and charts to help select 
them. Write for your copy today. 








February 23, 1956 


XUM 


3 _, pendable Ward Leonard relays select au- 


| amber signals and signal shut-down. 
| Learn more about these rugged relays in 
| Ward Leonard Bulletin No. 110. 


Relays mastermind traffic lights 


Sun, rain, sleet, snow, and: continuous 
24-hour-a-day duty is the lot of this 
master traffic light controller. Four de- 


tomatic timing cycles. Two more relays 
allow remote control of off-duty flashing 





Photo courtesy Crouse-Hinds Co. 
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SHE’S CHECKING CHART RECORD from X-ray 
spectrometer in Ward Leonard's test lab. 


Plant X-ray speeds quality control 
and helps catch crooks 


X-ray diffractometer and spectrom- 
eter tests insure high quality and uni- 
formity of both raw materials and fabri- 
cated components at Ward Leonard. 
These instruments check crystal struc- 
ture in ceramics, magnetic amplifier 
cores, contact metal, and resistance wire. 
In off hours, they help the Mount Vernon 
Police and Fire Department put the fin- 
ger on crooks and arsonists. 




















AUTOMATION FOR MACHINE TOOLS is simpli- 
fied by this precision control potentiometer. 


Control for machine tools 


Accurate electronic control compo- 
nent for cutting tools, winders and proc- 
essing machine drives is provided by this 
compact, precision potentiometer. 

A half-inch plunger movement drives 
the metal alloy contact across the special 
resistance element. Enclosure is compact; 
calibration is permanent. Standard re- 
sistance —10,000 ohms; up to 25,000 
ohms on special order. Write for Bulle- 
tin 68. 63 


WARD LEONARD 
ELECTRIC COMPANY 
58 SOUTH ST., MOUNT VERNON, W. Y. 


FReal- E rgintored Cortiols Since 1892 
RESISTORS - RHEOSTATS - RELAYS - CONTROLS - DIMMERS 
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pares its properties with those of 
carbon and alloy heat treated bars 
and parts. 20 pages. La Salle Stee) 
Co. 


agnetic 
mplifiers.-Inc 


. — announces a Se EN 


VARIABLE 
SPEED DRIVE 


—Circle ITEM 25 


Motors & Generators 


Construction features of high 
speed synchronous motors and gen- 
i erators are found in 6-page bulletin 
j SB-154. Motors range from 1/20 to 
i 2500 hp and generators from % to 
| 2000 kw. Also available is 4-page 
| folder SB 157 on explosionproof mo- 
| tors in frames from 56 to 680. De- 
| sign details of the 1/12 to 250-hp 
| motors are given. Marathon Elec- 
tric Mfg. Corp. 





“ae 








ee ee ee we ed 


—Circle ITEM 26 


Aluminum Hand Forgings 


Minimum mechanical properties of 
| all classes of aluminum hand forg- 
| ings produced by this company are 
| charted in this folder, designed for 

wall chart, file folder or notebook 
use. Forgings made from 2014-T6 

| and 7075-T5 alloys in sizes up to 
2000 Ib are tabulated. 6 pages. 
Kaiser Aluminum & Chemical Corp. 
—Circle ITEM 27 









SIZE ll — 
3/4, land 1-1/2 HP 


Products of Plastics 


“How the Nosco Plant Works to 
Produce Your Needs in Practical 
Plastics” is an illustrated brochure 
which describes the company’s 227,- 
000 sq ft plant and its facilities. Case 
histories of difficult and unusual 
molding jobs that have been solved 

| for customers are included. 12 pages. 


SIZE |— 
1/4, 1/3 and 1/2 HP 





Stepless, instant 
starting, compact, 
50:1 speed range, 
good regulation with- 
out tachometer, long 
life, virtually mainte- 





Nosco Plastics, Inc. 
| —Circle ITEM 28 


Flexible Metal Hose Data 











nance free service, low cost, 


fast response, reversibility, dynamic brake, local 
or remote control. Write for Bulletin SS80-5-55. 


Other Products and Services 


Magnetic Servo Amplifiers 
Transi-Mag * Amplitiers 
Analog Computors 
Photoelectric Controis 


DC and AC Regulated Power Supplies 


Application engineering and conversion of tool ma- 
chines and production processes to automatic control. 


f Magnetic Amplitiers «inc 


Tel. CY¥press 2-6610 * 632 TINTON AVE., NEW YORK 55, N. Y. 


—ITEM 225— 
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* Trade 


Use and application data on Uni- 
versal flexible metal hose products 
are contained in design engineering 
reference manual U-333. Hose is of- 
fered in range of materials and in 
types to compensate for such condi- 
tions as varied pressure, elevated 
temperature, motion and vibration. 
Universal Metal Hose Co. 

—Circle ITEM 29 


Magnetic Conveyors 


Space Saver magnetic conveyors 
which handle ferrous parts and pieces 
up inclines as steep as 90 degrees 
without need for belt cleats are de- 
scribed in illustrated bulletin MC- 
250. They feed machines, stack parts 
and perform parts turn-over. Specifi- 
cations are included. 8 pages. Homer 
Mfg. Co. 

—Circle ITEM 30 
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Users of tubing for cylinder applications 
now you can have this new... 


J&L Cold Drawn ELECTRICWELD 


ID Finish 







































Tubing with a 





Reduces your overall ae costs in appli- 
cations like these . 


@ cylinder tubing 

@ hydraulic and pressure tubing 
@ shock absorbers 

® ordnance components 


This new drawn-over-mandrel grade tubing with 
its mirror-like inside surface finish is today busy 
helping manufacturers reduce or entirely elimi- 
nate costly machining on many applications and 
is being substituted for more costly types of steel 
tubing. For example, it may be use -d, without in- 
side honing, for many cylinders through which 
plungers are passed. 


J&L Cold Drawn ELECTRICWELD Tubing 
with a Special Smooth ID finish combines the 
physical advantages imparted by today’s modern 
electric welding techniques with those of cold 
working. It withstands high internal hydrostatic 
pressures, carries heavy torsion loads, resists high- 
frequency vibration, and offers a favorable weight- 
to-strength ratio for applications in which loading 
occurs in all directions. 

J&L Cold Drawn ELECTRICWELD Tubing 
can be furnished in its three specifications in OD 
sizes from %-inch to 2% inches and in wall thick- 
ness from 20 to 10 gage, 0.035 and 0.134-inch 


respectively. 












This new booklet provides the information you need 
. specifications . . . tolerances . . . chemistry... 
mechanical properties . . . annealing . . . finishes. 


Send for your free copy today! 


Jones & Laughlin Steel Corporation 
Dept. 410; 3 Gateway Center, Pittsburgh 30, Pa. 


Send me a copy of your new Gold Drawn ELECTRICWELD : 


Booklet. 
















Zone Re amis i 5 
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NEW PARTS 


AND MATERIALS 


Use Yellow Card, page 19, to obtain further information 








Subminiature Blower 


for variable-frequency 
power systems 


When input-power frequency of 
type SC blower is varied from 320 
to 1000 cps, air flow varies be- 
tween 42 and 30 cfm and rotational 
speed changes from 14,000 to 10,- 
000 rpm. Frequency range can be 
extended to 1400 cps if reduc- 
tion in air flow to 18 cfm is per- 
missible. Designed ffor  single- 
phase systems, the blower has an 
input power range from 21.5 to 28 
w. Weight is only 5 oz and the unit 





Special 


long. 
bearings may be specified for op- 
eration under high ambient tem- 


measures 21, in. 


peratures. Globe Industries Inc., 
1784 Stanley Ave., Dayton 4, O. 
—Circle ITEM 61 


Solenoid Valve 


is packaged unit with 
seven integral components 


Four-way, closed-center, solenoid 
valve incorporates in the same 
housing: restrictor and by-pass 
valve, pressure-relief valve, two 
thermal-relief valves, pressure 
switch, check valve, and solenoid- 
operated shut-off valve. Designed 


152 





for use in oil-hydraulic systems 
employing on-off servomechanism 
control, it is particularly suited for 
installations requiring two-way ac- 
tuation of controls at two different 
rates of response. Valve operating 
pressure limit is 4500 psi at air 
temperatures up to 350 F. System 
fluid temperature limits are 300 F 
and 400 F at inlet and return ports, 
respectively. Electrical input to 
solenoid is 28 v dc. Vickers Inc., 
1400 Oakman Blvd., Detroit 32, 
Mich. 

—Circle ITEM 62 


Flexible Coupling 


is easily removed in 
radial direction 


Flexible coupling designated model 
C-R is suitable where assembly and 
disassembly of coupling must be 
accomplished in radial direction. 
Cushions held in place by C-type 
collar are easily removed with col- 
iar, allowing the coupling half 
which is connected to the shaft to 





be rotated until the intermeshing 
jaws slide into the stationary cou- 
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pling half. No lubrication is re- 
quired, and six sizes rated from 
2.58 to 29.6 hp at 100 rpm are 
available. Cushions are reversible, 
doubling their service life under 
unidirectional loading. Lovejoy 
Flexible Coupling Co., 4818 W. 
Lake St., Chicago 44, Il. 

—Circle ITEM 63 


Noise Attenuator 
for air-operated equipment 


Internal resonator and high-flow 
diffuser of 4-44 series noise atten- 
uator eliminates most of the ob- 





jectionable exhaust noise of air-op- 
erated equipment. Available in 
eight pipe sizes from 1%-in. to 2 
in. NPT, unit is sturdily built. Male 
pipe thread is provided for direct 
connection to equipment exhaust 
port. Allied Witan Co., P. O. Box 
2770, Cleveland 11, O. 

—Circle ITEM 64 


Power Transformer 
has 93 per cent efficiency 


Wye-to-delta GC150 power trans- 
former converts three-phase ac 
from 200 v to 115 v, line-to-line. 
Designed to MIL-T-9219, it offers 
guaranteed 93 per cent efficiency 
(25 C ambient) and 4 per cent reg- 
ulation at rated load. Housed in 
an aluminum case, the transformer 
withstands extremes of humidity, 
fungus, corrosion, and vibration. 
Neutral point of the primary wind- 
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For longer chain life, here’s 










Large-diameter rollers of Link-Belt SS 
chains reduce chain-pull due to frictional 
resistance. 


LINK-BELT SS 
roller chains are 
designed for abrasive, 
heavy-duty service 


OR hard-working drives and conveyors, 

choose Link-Belt SS bushed roller chain. 
Its hardened steel joint assures longer life in 
gritty and abrasive applications. Accurately 
machined parts provide a firm, tight fit of pins 
and bushings in the steel sidebars. In addition, 
accurate control of raw material specifications 
and manufacturing processes results in uni- 
formity . . . longer life. 


Whatever your particular chain require- 
ments in regard to speed, weight of loads or 
severity of service—the completeness of the 
Link-Belt line will provide the right answer. 
No other manufacturer offers such a broad 
range of silent and roller chains—of cast, com- 
bination, forged and fabricated types. And a 
complete selection of attachments permits 
efficient adaptation to varied services. 

For help with any chain problem—big or 
small—call your local Link-Belt office. They are 
qualified to make an unbiased recommendation 
of the one chain best-suited to your exact needs. 





CHAINS AND SPROCKETS 


LINK-BELT COMPANY: Executive Offices, 307 N. 
Michigan Ave., Chicago 1. To Serve Industry There 
Are Link-Belt Plants, Sales Offices, Stock Carrying 
Factory Branch Stores and Distributors in All Princi- 
al Cities. Export Office: New York 7; Canada, 

arboro (Toronto 13); Australia, Marrickville, 
N.S.W.; South Africa, Springs. Representatives 
Throughout the World. 13,889-A 


less bushing and joint wear 


Link-Belt Class SS roller chain assures steady, even flow of fabricated 
products from medium-temperature industrial oven manufactured by 
The W. W. Sly Manufacturing Co., Cleveland, Ohio. Link-Belt precision 
steel roller chain and roller bearing blocks are also used. 
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New Parts and Materials 








ings is isolated from the case and 
brought out to a separate terminal. 
Frequency is 380 to 440 cps. Five- 
minute rating is 2.25 kva and one- 
minute rating is 3.75 kva at 0.8 
power factors. Jack & Heintz Inc., 
17600 Broadway, Cleveland 1, O. 
—Circle ITEM 65 


Free-Running Locknut 


locks when seated 


The upper portion of this one-piece, 
free-spinning locknut is_ slotted, 
and the bottom face is undercut. 
When the nut is tightened, the 
threaded upper segments move in- 


r 





ward and produce a vibration-re- 
sistant lock on the threads of the 
screw. Immune to the effects of 
both oil and water, nuts are steel, 
brass, aluminum or stainless and 
are available in all Machine Screw 
sizes. Jacobson Nut Mfg. Corp., 
P. O. Box 177, Kenilworth, N. J. 
—Circle ITEM 66 


Printed-Circuit Receptacle 


has low contact resistance 


Coil-spring grip of PCSC28 recep- 
tacle for printed circuits provides 


. as ‘ ke Re 
A yh Fo . 





low contact resistance over entire 
circuit contact area, even when cir- 
cuit board is undefSized. Gold-plated 
phosphor-bronze contacts are avail- 
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able in single or double rows to ac- 
commodate up to 56 connections. 
Connector material is either min- 
eral-filled melamine, Plaskon rein- 
forced alkyd type 440A, or Orlon- 
filled diallyl phthalate molding 
compound. Special printed-circuit 
receptacle PCB20 can also be sup- 
plied to accommodate two circuit 
boards, each with ten connections. 
DeJur-Amsco Corp., 45-01 North- 
ern Blvd., Long Island City 1, N.Y. 

—Circle ITEM 67 


Twin-Lever Control 


for small power plants 





Throttle and clutch in small gaso- 
line engine installations can be re- 
motely operated by this twin-lever 
control assembly. Typical applica- 
tions include power lawn mowers, 
motor bikes, outboard motors, and 
small tractors. Length of levers is 
3% in., and maximum travel is 
1% in. Control unit can be mount- 
ed either on a flat surface or on 
tubular members. Construction is 
zine-plated steel, except for knobs 
which are plastic and are color 
coded red and black to iden- 
tify function. Arens Controls Inc., 
2017 Greenleaf St., Evanston, IIl. 

—Circle ITEM 68 


Rotary Joint 
has ball-bearing construction 


Designed to transfer liquids or 
gases from stationary lines to ro- 
tating receivers, rotary joint has 
ball bearings to prevent shaft mis- 
alignment and to insure leak-proof 
operation. Type PR 25 shown is 
1% in. pipe size; standard sizes 
from %% to 2 in. IPS are available 
in both siphon and single-flow 





types. All models have exterior 
screw adjustments, floating seals, 
and pressure-equalizing chambers. 
Seamlex Co. Inc., 41-23 24th St., 


Long Island City 1, N. Y. 
—Circle ITEM 69 


Electric Brake 
has long-life lining 


Change in air gap is only 0.0015- 
in. per friction surface in series E 
electric brake after %%-million 
start-stop cycles at 10 cycles per 
minute, manufacturer’s tests show. 
Designed for use with one, two, or 
three-phase motors, the brake has 
a circumferential coil arrange- 
ment that is the equivalent of six 
E-type magnets, providing high 
pull-in force at large air gaps. 
Brake mechanism supporting studs 





are supported at their outer ends 
by the cast-aluminum brake hous- 
ing, minimizing shock - induced 
bending of the studs and brake 
misalignment. Brake linings are 
bonded to aluminum disks that are 
spline-mounted on the driveshaft 
to which braking action is applied. 
Supplied as optional equipment, 
the manual release is off-center to 
permit two-end shaft mounting. 
Miehle Printing Press & Mfg. Co., 
Star-Kimble Motor Div., 200 
Bloomfield Ave., Bloomfield, N. J. 

—Circle ITEM 70 


Shaft Collar 


available in 44 bore sizes 


Line of shaft collars is designed 
to eliminate axial floating of shafts 
that are mounted in plain bearings. 
Precision bored and chamfered on 
inside and outside corners, collars 
are made in 44 bore diameters 
from 3/16-in. to 3 in. In sizes up 


MACHINE DESIGN 
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What's special about 


this 


Several things make this nut unusual. 

For instance, you can “stop” it at any position 
on the threaded length of the bolt . . . or 
wrench it tight against the work where it 
protects bolt threads against corrosion and 
prevents liquid leakage. No matter where you 
leave it on the bolt, it will remain tight in 
that exact position, even though you subject it 
to heavy vibration and shock loads. But 

use a wrench on it and it comes off as easily 
as it went on. The red locking collar is 
nondestructive—does not gall bolt threads 

or remove plating. You can remove it and 
re-use it again and again. 


What gives it its grip? 


1 The locking collar is 
unthreaded and elastic. 

it has an inside diameter 
smaller than the major 
diameter of standard bolts. 


2 The bolt impresses a 
mating thread into the 
collar and the resulting 
compressive forces exert 
a constant friction grip 
on the bolt. ... 


3 and exert a downward 
thrust bringing the 
lower flanks of the 

bolt thread into firm 
metal to metal contact 
with the matching nut 
threads, eliminating 
normal axial play. 


4 Nut is removable and 
reusable . . . the Red 
Elastic Collar retains 

its grip after repeated usage. 
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Will it hold under ALL conditions? 


The locking principle of the Elastic Stop® nut has been tested 
and proved by over 25 years of actual field service. Elastic Stop 
nuts are used on locomotives . . . and pile drivers. They fasten 
hedge shears and harvesters, drilling rigs and washing machines, 
trucks and roller skates. And no Elastic Stop nut customer has 
ever stopped using them because of unsatisfactory performance. 


What about sizes and materials? 


Elastic Stop nuts are available from a watchmaker’s 0-80 all the 
way to 4”—in materials that include stainless steel, brass, alumi- 
num and other alloys. Protect your product with “fastener in- 
surance.” Try Elastic Stop nuts on trouble spots, whether to 
protect expensive heavy equipment from costly downtime or to 
guarantee the accuracy of delicate electrical equipment by main- 
taining precision adjustments. We'll supply. free test samples. 


ELASTIC STOP NUT 
CORPORATION OF AMERICA 


Dept. N82-24, 2330 Vauxhall Road, Union, N. J. 
Please send the following free fastening information: 
() Here is o drawing of our product. 


What self-locking fastener would 
you suggest? 


[) ELASTIC STOP nut bulletin 
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ELECTROFLO 
VALVE 





SHUR-FLO 
INTERLOCK 


| A control to pro- 
| tect equipment 
| when flow is below 
| adesired minimum; 
| or above a desured 











MESURFLO 
CONTROL 


ELECTRO-MITE 
VALVE 


A direct action 

id valve for 
= small flow volume. 
Aveailable with vol- 
ume control. 


a ” 
aco 





STRAITFLO 
STRAINER 





AUTOMATIC 


FLOW 


CONTROL for 
WATER 


If your problem 
concerns a speci- 
fied flow of fluid 
or time-fill, we 
suggest you de- 
sign Hays auto- 
matic flow con- 
trols into 
equipment. Hays 


your 


products are 
trouble-free 
and offer ab- 
solute internal 
water control. 
They are low cost, 
and eliminate the 
need for such 
components as 
pressure regula- 
tors, filters, and 
other devices. 


WRITE FOR 
TECHNICAL 
REFERENCE 
FOLDERS 


AVS 


INDUSTRIAL 
SALES DIVISION 


HAYS 


. MFG. CO. 
VALVE 
An electrically West 12th Street 
_Speratedvabvewith ERIE, PA. 
xo Fe edo 
an naa ae Dee | 
—ITEM 229— 
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New Parts and Materials 





to 2 in., they are machined cold- 
rolled steel, cadmium finished. 
Larger sizes are cast iron with 





gray lacquer finish. Precision cup- 
point set screws are provided with 
the collars. Climax Metal Prod- 
ucts Co., 863 E. 140th St., Cleve- 


land 10, O. 
—Circle ITEM 71 


Limit Switch 
can be operated in 
either direction 


Lever-operated type PLS limit 
switch can be adapted for clock- 
wise, counterclockwise, or  uni- 
versal operation by turn of a se- 





lector screw. Suitable for ma- 
chine tool or general purpose use. 
it can be flush or projection mount- 
ed. Also available is type PRS 
switch, which is push-rod operated. 
Normal alternating current rat- 
ings of contacts in both switches 
range from 15 amp, 115 v to 5 amp, 
600 v. Direct current ratings are 
from 2.0 amp, 115 v to 0.1 amp, 
600 v. Westinghouse Electric Corp., 
P. O. Box 2099, Pittsburgh 30, Pa. 

—Circle ITEM 72 


Linear Actuator 


is operated by 
solid-to-liquid phase change 


Actuating force in this linear ac- 
tuator is developed when enclosed 
substance is melted, either by an 


external heat source or by an in- 
ternal resistance winding. In chang- 
ing to liquid form, actuating sub- 
stance expands and displaces the 
actuator ram. As unit cools, the 
substance solidifies and the ram is 
returned to its original position by 
a spring. Different models, all 
weighing only a few ounces, are 
available in body lengths from 3 to 
4 in. Thrust-to-weight ratio is 








2000:1, and the smallest actuator 
can move a 300-lb load a distance 
of 1 in. Vibration tolerance is as 
high as 50 g. Standard-Thomson 
Corp., Vandalia, O. 

—Circle ITEM 73 


Pressure Regulator 
has negligible drift 


Stability of series 5000 piloted reg- 
ulator is due principally to Ni-Span 
C measuring capsule, which is not 
affected by temperature changes 
and has negligible hysteresis. Sub- 





in downstream 


changes 
pressure result from very small 
movements of the pilot valve (us- 
ually less than 0.0001-in.), giving 


stantial 


high-gain control of output. De- 
signed for pneumatic gaging appli- 
cations, and for remote setting of 
controllers, unit is sufficiently ac- 
curate for laboratory use, since 
pressures are held to 0.1-per cent. 
It is available in 25 and 60-psi 
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PRODUCT 
DESIGNERS 


How to engineer a platypus 

A happy combination of purposeful prac- 

ticality is the furry platypus with its 

webbed feet, beaver’s tail, and duck’s bill. 
A lot of our customers, to their con- 

tinuing delight and profit (we hope), 

have that sort of 


platypus-like in that it, too, can be made 


discovered glass is 
to combine many useful characteristics. 

Take, for example, Pyrex brand pipe. 
Here you see a man using a piece of it 
to drive a one-inch 
nail in a pine block. 
This is essentially 
an extra-curricular 
activity for glass 
pipe, which is more 
at home conveying 
metal-eating acids 
around chemical 
plants, but it’s a 
way of showing just 





how tough glass can be when it’s made 
that way. 

All of which may serve to illustrate for 
you how we can arrange the optical, 
and 


electrical properties of glass in different 


chemical, thermal, mechanical, 


combinations to match a considerable 
variety of end-use requirements. In fact, 
we've worked up some 50,000 different 
formulas for glass in our years of helping 
customers solve specific design and proc- 
essing problems. 

If platypus-like glass is a novel idea 
to you, if you've never given glass a 
second thought as a highly adaptable 
design and construction material, we 
suggest your reading a pocket-size vol- 
ume entitled “Glass and You.” It tells 
in a few words and many pictures how 
glass contributes to profit and pleasure 
and we’d be delighted to send you a copy. 
Or, if you’re more concerned with put- 
ting glass to work for you than in learning 
what it’s doing for others, there’s a 
slightly more technical bulletin called, 
“Glass—its increasing importance in 
product design.” We'll be glad to send 


you either—or both. 


February 23, 1956 


} 
') CORNING GLASS 
BULLETIN FOR 


CORNING GLASs WORKS, 52-2 Cryst 


Please send me the following material: 
O Booklet: "Glass and You,” 
C) Bulletin 1z-1, "Glass . 


C) Information on the vY 


Address anaes ce eds 
. aL ried 


Most remarkable glass 

In 1952 Philadelphia’s Franklin Institute 
presented the John Price Wetherill 
Medal to Corning’s Dr. Martin E. Nord- 
berg and Harrison P. Hood for inventing 
the fabulous of glasses—Vycor 
brand 96 per cent silica glasses. 


most 





Evolution of a VYCOR jar: A—formed by con- 
ventional glass blowing; B—"thirsty glass”; C— 
finished product. 


These two scientists discovered a com- 
position that appeared to be a combina- 
tion of two distinct types of glasses. One 
type could be dissolved out, leaving a 
skeleton of 96 per cent or more of silica 
filled with so many millions of holes that 
a one-inch cube contained some 60,000 
square feet of hole surface. 

This new child of research was dubbed 
“thirsty glass” because, just sitting 
around, it absorbed moisture right out of 
the air. But our researchers were on the 
trail of something even more exciting. 
They heated their “thirsty glass” and it 
shrank to two-thirds its original size. 
The millions of little holes vanished and 
left a vacuum-tight glass that looked like 
any other—except that you could take this 
new glass white-hot from a blazing furnace 
and plunge it into ice water without the 
slightest injury. It was a glass as ideal 
as fused quartz, but different since it could 
be melted, mass produced, and worked 
in its original state like ordinary glass. 

If you'd like to know more, just check the 
coupon above. 

Ribbon glass by the yard 

Here’s a glass that’s a thousandth of an 
inch thin and in small widths it’s flexible 
as—well, a ribbon. You can twist it, roll 
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Portance in product design.” 


it, wrap it around your arm without 
cracking it. It comes in any length you 
want—inches, yards, miles. 

Actually ribbon glass isn’t a single 
glass. We can make it of several different 
compositions according to what you need 
it for. Originally we developed it to take 
the place of mica in electronic capacitors 
of which there are several in your radio 
and TV sets and in any other piece of 
electronic equipment you can name. As 
mica is formed in layers, it is subject to 
cleavage in the plane parallel to lamina- 
tion; ribbon glass being homogenous is 
easily workable. This is just one advan- 
tage of this glass in capacitors. 





Medical scientists have found a quite 
different use for ribbon glass—as micro- 
scope slide covers. These are the wafer- 
like pieces of glass that are used to cover 
blood smears and the like for examination 
under the microscope. In this case ribbon 
glass can be made clearer, flatter and 
more free of bubbles and striae than pre- 
viously made glasses. 

Seems as if this unique stuff should be 
good for a /ot of things, but what (other 
than electrical and laboratorial) proba- 
bly lies in the laps of imaginative design- 
ers. Would you like us to send you a 
little strip to play with? Customer ideas 
and problems really bring out the best 
in glass. So, even if what’s on your mind 
seems unrelated to any item this page 
discusses, glass may still be its fulfillment. 
We'd like to hear from you. 


CORNING GLASS WORKS 
CORNING, N. Y. 
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Compact new Gast rotary 
No. 6 Air Motor delivers 


TWO HORSEPOWER 


... weighs only 17 pounds 


Here’s compact, light-weight power—offering many advan- 
tages as original equipment on your products! With the new 
2 h.p. Model 6AM added to the line, Gast offers rotary air 
motors in five popular sizes from the 1/20 h.p. Model 1AM 
to the 4 h.p. Model 8AM. 

To fulfill designers’ needs, Gast also offers standard variations 
on some models, including foot or flange mountings for ver- 
tical or horizontal applications with direct or gear drive 
special reversible rotation, etc. Well adapted for plant use or 
as original components, Gast Rotaries are explosion-proof, vari- 
able in speed, burn-out proof even when stalled—and low in 
first cost! 

Wherever compressed air 1s available, they're a power source 
worth investigating! Write for Model 6AM Bulletin 855—or 
specify size that interests you. Request ‘‘Application Ideas” 
Booklet too! — Gast Manufacturing Corp., P.O. Box 117-P 


Benton Harbor, Mu£chigan. 


Original Equipment Manufacturers for Over 25 Years 
GAST e AIR MOTORS 
TO 4 HP. 
ROTARY _ .« vacuum pumps 
TO 28 IN. 


e COMPRESSORS 
SEE OUR CATALOG IN SWEET’S PRODUCT DESIGN FILE 





TO 30 P.S.1. 
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ranges for pipe sizes 4g and 1,-in. 
Body dimension is approximately 
2 in. across flat surfaces, and flow 
capacity is 6 cfm. Bellofram Corp., 
Governaire Div., Burlington, Mass. 

—Circle ITEM 74 


Pressure Transducer 


measures both absolute and 
differential pressures 


Multipurpose pressure transducer, 
containing two independent dia- 
phragm - potentiometer systems, 
measures both absolute and differ- 
ential pressures. Instrument link- 





ages are dynamically balanced and 
easily adjusted. The unit with- 
stands abnormal pressures and 
severe environmental vibrations. 
Unitized construction facilitates 
calibration and repair. Various re- 
sistance values with either linear 
or functional outputs are available. 
Transducer is suitable for measure- 
ment and control of fuel pressures, 
hydraulic flow, and similar indus- 
trial and aircraft applications. 
Fairchild Controls Corp., Compo- 
nents Div., 225 Park Ave., Hicks- 


ville, N. Y. 
—Circle ITEM 75 


Self-Locking Nut 


gives uniform locking torque 
from —100 F to 550 F 


Locking action of Kaylock metal 
hex nut is provided by upper 


4 
threaded portion, which is ellipti- 
cally deformed. Designated series 


H10, nuts provide uniform locking 
torques through ambient-tempera- 
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NOSCO ‘CAN DO’ 






\ 
4 


| transforms ‘impossible’ parts into another everyday molding job 














A noted pharmaceutical company asked us to develop an 


expendable hypodermic syringe that would remain com- 
pletely sterile until use. Nosco engineers put their heads 
together . . . and came up with the answer pictured above! 
It looks simple—but here are a few of the tricky design 
problems involved. 

There were dissimilar female threads at the ends of the 
combination needle guard and plunger . . . so we matched 
the pitch of these threads to enable the part to unscrew 
and eject as our mold is opening. 

The syringe flange must be rigid to resist finger pressure 
when the hypo is administered, but it must also be undercut 
to hold the vial firmly in place. So, together with a material 
supplier, we developed a filled polyethylene to satisfy this part. 
And we solved the difficult task of removing the core pins 
from the syringe through the narrower top opening, by 
using floating pins temporarily held firm when the mold 
is first opened. 


Despite these technical problems, the first volume order of 
Nosco-molded syringes were delivered to our customer on 


schedule. 


Like our pharmaceutical customer, you'll be pleasantly 
surprised when Nosco “Can Do” goes to work for you! 
Let one of our sales-engineers start Nosco “Can Do” design- 


ing your next plastic part. 


NOSCO plastics, inc. - erie 2, pa. 





World’s largest injection molding plant a ee 
” = Nosco Plastics, Inc., Erie 2, Pa. Send . . . copies of brochure: “How the | 
: Nosco Plant Works to Produce Your Needs in Practical Plastics.” | 
For other case histories——and a glimpse <= | NAME TITLE > | 
of the Nosco plant and facilities, send Nosco | 
. PASTS FIRM a . — | 
for the free 12-page brochure. 

ADDRESS I 
1 CITY STATE 
Bea ca et ee CL ee ee J 
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TOUGH SPRING | 
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High Temperatures Corrosive Service 


—_ 





a . . . Low Temperatures 





Use 
ALLOY Wire...Rod...Strip 


Spring Designers: You can readily select a material 
with just the right combination of properties for 
your tough spring applications from the alloys we 
fabricate into wire, rod and strip. Alloys such as 
Monel, K Monel, Inconel, Inconel X, Nickel, Dura- 
nickel, Austenitic, Ferritic and Martensitic Stainless 
Steels and special alloys are available in a wide 
range of tempers and special treatments. These 
materials feature high strength and fatigue prop- 
/p erties at elevated temperatures, good ductility at 





f sub-zero temperatures, low magnetic permeability 

fi VA and excellent resistance to a wide variety of corro- 
¢ /f sive conditions. 

A Alloy Metal Wire Division engineers will work 





closely with you to develop any special engineer- 
ing and fabricating properties you may require. 
Your inquiries are always welcome. 







Send today for our new 
Nickel Alloy and Stainless Steel 
Properties Charts. 


ALLOY METAL WIRE DIVISION 


HKD H. K. PORTER COMPANY, INC. 
‘HEINE §=Prospect Park, Pennsylvania 
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ture range from —100 F to 550 F 
Low overall height allows use of 
short thread length on bolts. Re- 
quirements of AN363, AN364, and 
AN365 are satisfied, and thread 
sizes 4-40 to 5/16-24 are available. 
Kaynar Co., Kaylock Div., 820 E 
16th St., Los Angeles, Calif. 
—Circle ITEM 76 


Small Switch 
has high current capacity 


<>, 
se Be wis 


This 40-amp switch, measuring 
13%, x 43/64 x 43/64-in., is capable 
of handling large current ratings. 
Rating is 40 amp at 125/250 v ac 
or 30 v dc resistive. Construction 
combines the double-break charac- 
teristic of the basic switch with a 
heavy-duty switching element. 
Plastic housing permits operation 
at high temperature and provides 
high shock resistance. Operating 
force is 30 oz, and electrical and 
mechanical life is 100,000 cycles. 
Electro-Snap Switch & Mfg. Co., 
4318-30 W. Lake St., Chicago 24, 
Til. 





—Circle ITEM 77 


Automatic Clutch 


for use with three sizes of 
fractional-horsepower motors 


Designed for 1/6, 4% and 1/3-hp 
electric motors, the Mercury 305 
automatic clutch reduces the 
length of sustained inrush current 
by permitting the motor to reach 
full speed before any load is ap- 
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FROM MiNNOWS TO 


WHALES 


This is a kind of “Mutt & Jeff” 
portrayal of CORNISH versatility 
in designing and producing any 
type and size of Cord Set to YOUR 
special needs. Leading manufacturers 
of electrical equipment and appliances 
no longer gamble... they just 
CORNISH ‘em! All our technical and 
physical facilities at YOUR service. 


BE SURE with 


-EORNISH 


CORNISH WIRE CO.., unc. 


50 Church Street New York 7, N. Y. 








Furnas Electric again leads the field. 
Now magnetic motor controls are avail- 
able with Dual Seal coils. Dual Seal 
coils mean longer control life. Why? 
Because Dual Seal molded coils are 
moisture and fungus resistant, eliminat- 
ing the most common cause for coil 
failure. These homogeneous molded 
coils are dimensionally stable, age resis- 
tant, will not support combustion and 
have high dielectric strength. Mechan- 
ical properties of Dual Seal coils elimi- 
nate damage due to vibration or impact 
and are impervious to damage by screw- 
drivers and other hand operated tools. 
Only Furnas magnetic controls are 
equipped with Dual Seal coils. Before 
you buy, investigate the many advan- 
tages of these controls. Then specify 
Furnas Electric. 





@ MOISTURE AND FUNGUS RESISTANT 
@ EXCELLENT HEAT DISSIPATION 

@ DIMENSIONALLY STABLE 

@ MECHANICALLY STRONGER 

@ NON-COMBUSTIBLE 






DUAL VOLTAGE COILS 





Furnas Electric magnetic con- 
trols with exclusive Dual Seal 
voltage coils are matched for 
use with your dual voltage mo- 
tors. Coil changing is now vir- 
tually eliminated and stocking 
of coils and starters simplified. 
For example, on 3, 714 and 10 
horsepower stagters, one 220- 
440 volt Furnas Electric coil is 
used where six are normally re- 
quired. Simple, on-the-job, re- 
connection of coil leads change 
high to low or low to high vol- 
tage as required. 


OTHER FURNAS FIRSTS 


First Drum Controller with built-in 
thermal overload protection. 


First small Drum Controllers for + 
reversing and speed changing. 


@ First to build compact, easy to 
operate Master Switch for wound 
rotor motors. 






Write for free 140 page 
ctric Catalog 
Street, 


Furnas Ek 
— 104 McKee 


Letevia, Iilin 


@ First Tap Switch for single handle 


control of rectifiers. 


First to use the principle of 
Switchlets for auxiliary contact on 
starters. 


@ First to build a line of in-between 
sizes of starters. 
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plied. In handling high inertia 
loads, it assures smooth accelera- 
tion and transmits full power with- 
out slippage. Clutch has only one 
moving part. The standard model 
is made with a %-in. bore and has 
a 2% in. x 1A pulley. Applica- 
tions include air conditioners, au- 
tomatic washers, dryers, sweepers, 
power tools and vacuum pumps. 
Automatic Steel Products Inc., 
Mercury Clutch Div., 1201 Camden 
Ave., Canton 6, O. 

—Circle ITEM 78 


Nylon Nut 


is self tapping for 
tight lock 


One-piece nylon construction of 
this lock nut provides resistance 
against corrosion, abrasion, galling, 
and impact. Reusable, it is self 





Self - tapping: element 


Washer 
base 








Sealing element and “Lead thread 


Static breakaway lock 








tapping to insure tight friction 
lock. Molded to permit installa- 
tion with standard tools, nut is 
available in sizes from No. 4 to 4- 
in. It can be provided in colors 
for identification or ornamentation. 
American Screw Co., Willimantic, 


Conn. 
—Circle ITEM 79 


AC Motor 


in two models for normal 
or corrosive service 


Designated standard enclosed (nor- 
mal service) and severe-duty en- 
closed (corrosive service), two mo- 
tor lines replace former line in 1 
to 5-hp range. Motors are basi- 
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Three Forgings That Support the Globe 


In Greek mythology, Atlas was charged 
with the job of holding up the heavens, 
but right here in our own day and age 
is a “world” supported by forgings. It is 
a huge and wondrous globe that stands 
on the campus of Babson Institute of 


Business Administration, Wellesley, 


Mass. Its size may be judged by the peo- 
ple standing beneath it in the picture. 

The vividly colorful globe is built to 
a scale of 1 inch to 24 miles. It can re- 
volve to simulate the daily rotation of 


the earth on its axis. It also moves 
around a circular track to demonstrate 
the earth's orbit. 

Holding the globe at its proper “tilt” 
is a six-ton assembly consisting of shaft, 
socket, and lower bearing support. All 
these components are forgings made 
and finish-machined by Bethlehem. The 
mounting and carriage are also prod- 
ucts of Bethlehem shops. 

Tonnagewise, the forgings in this 
exhibit are small. But as we've said so 


often, our shops welcome the light- 
weight jobs, and give them the same 
careful handling as the heavy-tonnage 
items. We have produced some of the 
biggest forgings on earth, and some of 
the smallest. No matter what size you 
may need; or what type, we will always 
be glad to take care of your requirements. 


BETHLEHEM STEEL COMPANY 


BETHLEHEM, PA. 
On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Steel Corporation. Export 
Distributor: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 


February 23, 1956 
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our business since 1899 


There is no phase in the production of wool felt in which Western Felt 
is not engaged. We start with lambs wool, and end with an endless 
variety of parts for the many jobs that only felt can perform. 


Through it all, we’re proud to say our methods have built an en- 
viable reputation for engineering precision. Hard or soft, large or 
small, Western Felts can be relied upon to meet your specifications. 


Tell us your basic problem—and we’ll put 55 years experience to 
work in recommending a solution for you. Our engineers find new 
uses for felt every day. Your inquiry will receive prompt attention. 


WESTERN Gelt 
4021-4139 Ogden Ave 
Chicago 23, IIlinois 


Branch Offices in Principal Cities 





MANUFACTURERS AND CUTTERS OF WOOL FELTS 
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cally identical, except for features 
which make the severe-duty model 
suitable for use in corrosive or ex- 
cessively moist atmospheres. In 
standard motor, conduit box and 
fan cover are steel. Severe-duty 
motor, illustrated, has cast iron 
conduit box and fan cover. Neoprene 
washers are used on through bolts 
for additional moisture protection. 
Foot-mounted motors in both mod- 
els are equipped with lifting eyes. 
General Electric Co., Small Inte- 
gral Motor Dept., Fort Wayne, Ind. 

—Circle ITEM 80 


Air Cylinders 


in double-acting or 
single-acting models 





| 


Developing thrust equal to the ap- | 
plied air pressure, Han-d-Air cyl- | 
inders are available in either dou- | 
ble-acting style (power advance | 
and retract) or in single-acting 
style (power advance and spring 
return). Stroke length can be 
specified from 1 to 4 in. in either | 
model. Suitable for clamping, parts 
positioning, and light-duty work- | 
feeding operations, the cylinders 
can be front or  side-mounted, 
flange mounted, or front pivot 
mounted. The 5/16-in. piston rod 
is threaded to permit connection to 
load members. Bellows Corp., Ak- 
ron 9, Ohio. 

—Circle ITEM 81 


Alternator 


for heavy-duty service 


Line of heavy-duty alternators is 
designed to provide alternating 
current supply for passenger cars, 
trucks, school buses, and other ve- 
hicles which are driven slowly with 
frequent stops. Model 5410-G3 
(Continued on Page 168) 
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This Quick Demonstration 
At Your Desk Will Prove 
How To Get Better, Economical 


Fastening With Townsend Lockbolts 





A few minutes of your time invested 
in watching a simple demonstration 
of a better fastening method may 
point the way to savings of thousands 
of dollars in assembly of your prod- 
ucts. The Townsend lockbolt provides 
a quick method of producing tight, 
rigid fastenings that cannot loosen 
even under extreme vibration or shock 
conditions. 

We would like to have a Townsend 
engineer demonstrate.to you and oth- 
ers in your organization how these 
lockbolts combine the advantages of 
riveting and bolting—eliminate the 
disadvantages. He will show you that 
installation is fast—that fewer work- 
ers can complete an assembly in less 
time—you improve your product— 
achieve a lower installed cost. 


You will be able to see why the 
clamping action, or clinch, of Town- 
send lockbolts is higher than rivets— 
is more uniform than bolts and nuts. 
The demonstration will explain how 
the lockbolt fills the hole better than 
other fasteners— makes possible a 
more rigid joint and provides an effec- 
tive liquid seal. 

Townsend lockbolts are-available 
in steel and aluminum alloy, in 3%", 
4", %” and 3%" diameters, in grip 
length ranging up to 2”, in various 
head styles. 

For a demonstration on how to 
speed production, get tight, secure, 
permanent fastening with Townsend 
lockbolts write on your company let- 
terhead to Townsend Company, P.O. 
Box 237-E, New Brighton, Pa. 


Licensed under Huck patent nos. RE 22,792; 2,114,493; 2,527,307; 2,531 048; 2,531,049. 





Townsend 


COMPANY - ESTABLISHED 1816 





Sales Offices in Principal Cities 





In Canada: Parmenter & Bulloch Manufacturing C pany, lid., G q 


, Ontario 
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ONE OF A SERIES OF INFORMATIVE MESSAGES FROM HYATT... 





Cylindrical Rollers 


for High Capacity... 





’ 

‘T he principle of overcoming sliding friction with 
rollers was known even to the ancient Egyptian pyramid 
builders, but it is a far cry from their crude logs to 
precision-ground-rollers. Today engineers have a wide 
choice of bearing designs, and selection is usually gaged 
by the fundamental yardsticks of accommodation, load- 
carrying capacity and cost. In many applications, prop- 
erly designed plain bearings provide operating advan- 
tages. Ball bearings are ideal for other applications. 
But where heavy loads must be sustained in a relatively 
small bearing annulus, the only practical, commercially- 
available support is a set of hardened rollers operating 
in planetary fashion around a hardened inner race and 
housed in a hardened outer race . . . in other words, a 
cylindrical roller bearing. 


Obviously, the design and quality of the rollers play a 
large part in the performance of the bearing. Here, 
briefly, are some of the vital factors which must be 
taken into consideration: 


1. DISTRIBUTION OF LOAD 
WITHIN THE BEARING 


Every roller in a rotating bearing is subjected to periods of 
load while in the “load zone,” and periods of no load while 
outside the “load zone.” 
Within this zone, the roller 
moves from a position of light 
load to a position on the line 
of action of the bearing load. 
Here the normal roller load 
is a maximum, and the roller 
in this position is the heaviest- 
loaded roller in the bearing. 
Moving beyond this point, 
the load diminishes to zero 
at the extremity of the “load 
zone,” as shown in Diagram 
A at the left. 


MORMAL ROLLER 


The theoretically perfect 
“load zone” extends from 
—90° to +90° measured from 
the line of action of the bear- 
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How the rollers distribute the ioad... 
effect of iocal defiection within 

roliers under ioad...how rolier quality 
control increases bearing life 


ing load, for a total of 180°. But this is neither practical 
nor necessarily desirable, since it would require a bearing of 
zero internal clearance. If a bearing has internal clearance, 
then it has no “load zone” when under no load; only after 
load is applied does the heaviest-loaded roller deflect and 
permit its associates togshare the load. 


Under normal loadings, the actual “load zone” may range 
from 90° to 120°, depending on the load and mounted internal 
clearance. This distributes the load in the bearing so that the 
load on the heaviest-loaded roller can be approximated by 
5/N times the bearing load, where N is the number of rollers. 


2. DISTRIBUTION OF LOAD WITHIN 
ROLLER’S AREA OF CONTACT 


As load is applied to a cylinder between flat plates, the 
cylinder deflects locally in the region of engagement. The plate 
also deflects locally, so the original line of engagement under 
no load is broadened to become a ““dog-boned™ area (Diagram 
Bl) under load. This broad- 
ening of the line of contact is 
analogous to the spread of 
the “load zone” from the 
heaviest-loaded roller to ad- 
joining rollers, as previously 
described. 


One other effect is prominent 
here: deflected ad“ ve of 
finite length must gather in metal at their ends in two planes, 
instead of one, as is the case in the center of the roller. This 
end-loading effect can seriously reduce the life of a cylindrical 
roller bearing. All HYATT Roller Bearings have rollers of 
either generous corner radii or blended chamfers to reduce end 
effect. All HYATT Hy-Load Bearings, in addition to generous 
corner radii on the rollers, have a roller crowning extending 
a sufficient distance in from the ends to allow the area of 
contact to “fade out” evenly at the roller ends under normal 
loads, as illustrated in Diagram B2 above. 


3. 


DISTRIBUTION OF LOAD 
ACROSS THE ROLLER 


The unit load on any roller is distributed axially in a uniform 
manner except at the ends where crowning has been provided. 
Diagram Cl shows how the unit load drops off to zero at the 
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ends of the area of contact. The summation of unit loads 
represented by area “A” is the total roller load. 


This same load applied under conditions of misalignment 
must result in an area “B” equal to area “A”; but it is 
apparent that the maximum unit load is considerably greater 
under such conditions and that the bearing will have a 
shorter life than one operating with little or no misalignment. 
Now observe the high unit load represented by area “C,” 
resulting from the same total load applied to an uncrowned 
roller. This aptly demonstrates the ie of crowning under 
conditions of misalignment. Moreover, the value of proper 
alignment is equally apparent (Diagram C2). 


UNIT LOAD 


ROLLER 
CORNER 
RADIUS 


AREA OF 
ENGAGEMENT 


+ 


> 


HYLOAD ROLLER UNDER MODERATE LOAD 
NO MISALIGNMENT Cl 


HYLOAD ROLLER UNDER MODERATE LOAC 
AND MISALIGNMENT i | 





4. 


EFFECT OF ROLLER QUALITY 
ON BEARING PERFORMANCE 


Quality of manufacture, particularly that of the rollers, has 
a great deal to do with the performance of a cylindrical roller 
bearing. For example: 

1. A roller with excessive 
taper tends to uneven load 
distribution and abnormal 
temperature rise (D1). 

2. Aroller with excessive end 
square tends to noisy bear- 
ing performance (D2). 

3. Aroller with excessive two- 
point out-of-round tends to 





poor segregation and poor bearing life (D3). 

4. A roller with excessive three-point out-of-round tends to 
noisy bearing operation (D4). 

5. A roller with poor finish tends to wear on all operating 
surfaces and noisy operation. 

6. A bearing with excessive 
roller-to-roller diameter 
variation tends to poor 
bearing life. 

7. A bearing with excessive 
roller-to-roller length 
variation tends to poor 
thrust capacity and ab- 
normal temperature rise. 


All of these factors are scrupulously controlled by the most 
modern precision equipment to insure maximum performance 
and life for every HYATT Roller Bearing. HYATT has 
pioneered many advancements in the control of roller quality 
and is constantly seeking new ways to carry the complex 
loads of modern industry even more efficiently. 


YOU WILL FIND MORE DETAILS 
in HYATT General Catalog No. 150, or your 
nearby HYATT Sales Engineer will gladly help 
you choose the type of cylindrical roller bearings. 
best suited to your design requirements. Remem- 
ber, HY ATT is America’s first and foremost maker, 
of cylindrical roller bearings. Hyatt Bearings 


of General Motors, Harrison, N. J. 


Division 








ROLLER BEARI 
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FE ry Pan’s 
HEATER 





what can our phenolics help YOU do better? 


@ Many a trail leading to manufacturing short cuts and better product service 


is being blazed with Durez phenolics—the basic engineering plastics. One of 


recent note resulted in this fry pan with its electric unit molded right into the 
metal casting during the shell molding operation. Casting the metal in 
shells bonded with Durez resins, this manufacturer 

reduced assembly and machining operations, saved 

on labor costs, and practically eliminated spoilage. 

Then he finished off a superior product with a beau- 

tiful jet-black, heat-resistant handle, legs, and cover 

knob molded of Durez phenolic plastic. 

Durez phenolic resins or molding compounds, or 

both, could help you solve design ee 

problems that no other material can do so well. 

Talk with your molder... or call on our tech- 

nical field men. 


1F VOU ARE interested in casting by the shell mold process 
ask for our “Guide to Shell Molding”. If you are interested in formed plastic parts, 
ask for “ Facts on Phenolics”. 


DUREZ PLASTIC:S DIVISION 
HOOKER ELECTROCHEMICAL. COMPANY 


HOOKER 


Phenolic molding materiais and 
CHEMICALS 
o 


phenolic resins that fit the job 
502 WALCK ROAD, NORTH TONAWANDA, N. Y. 
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has 6-v, 95-amp rating and is suit- 
ed for vehicles with radio-telephone 
equipment. Model 5412-G6 is rat- 
ed at 12 v, 50 amp and can be mod- 


ified to provide 125 amp. An aux- 
iliary transformer can be used with 
either model if 800-w, 110-v out- 
put is desired. Leece-Neville Co., 


1374 E. 51st St., Cleveland 3, O. 
—Circle ITEM 82 


Fractional-Horsepower Motors 
are lightweight and compact 


Design of 48-frame motors incor- 
porates high-pressure cast alumi- 
num end brackets which are pre- 
cision machined and stress-relieved 
for permanent dimensional ac- 
curacy. For cooling, an integral- 
ly cast, cluster type aluminum fan 
is used. The square stator iron 
allows space for a strong blast of 
cooling air to pass between the 
frame and the core to cool the 


whole core. Motors are rated 1/20 
to 1/3-hp. The standard frame is 
completely dripproof. Totally en- 
closed, unit heater, permanent 
split capacitor and other types are 
available with rigid or cushion 
bases. Century Electric Co., 1806 
Pine St., St. Louis 1, Mo. 

—Circle ITEM 83 


Enclosed-Motor Pump 


handles corrosive liquids 


Double-ended Chempuimp, rated at 
3 hp, is suitable for leakproof han- 
dling of liquids that are corrosive, 
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FAIRCHILD 
SPEED CONTROL 


PRODUCTS SOLVE ee | 
ACCURATE DRIVE CONTROL PROGLEMS 


improved production and quality control 
in metal, rubber, paper, synthetics, 
wire, glass and many other fields. 


OUTSTANDING FEATURES 

¢ Wide speed range including zero and reverse 
* Maximum efficiency and power utilization 

* Full torque at zero speed 

¢ Instantaneous response to control signals 

* Control simplicity 

* Service-free dependability 








Far AND AIRPLANE CORPORATION 


AIRCHILD 
Sheed Crito€ Division 


St. Augustine, Florida 
Aircraft Division, Hagerstown, Maryland « American Helicopter 
Division, Manhattan Beach, Calif. « Engine Division, Deer Park, L. 1., 


N. Y. » Guided Missiles Division, Wyandanch, N. Y. * Kinetics Division, 
New York, N. ¥. * Stratos Division, Bay Shore, N. Y. 








SPECIAL 








nothing can touch this winding 


Oil, acid, vapor, heat and pressure don’t affect this AC motor 
winding. It’s completely encased in a special, high-tempera- 
ture, chemical-resistant plastic. The windings are cast right 
in the plastic to make a single, solid, impervious piece. 


Of course, this winding goes into a special motor — one that’s 
designed to run in a pressurized atmosphere of inert gas, under 
constant exposure to a piping-hot oil splash and vapor at over 
200°F. Temperature-stabilized bearings, oil lubricated under pres- 
sure, and drip-proof, corrosion-resistant construction are some 
other design necessities for this unique 115-volt, 1/3 hp AC motor. 


Here is a typical example of ESCO’s unusual ability to design 
and build rotary electrical equipment to meet special customer 
needs. Whether or not your particular motor problem is this 
special, remember that ESCO’s twenty years of broad experience 
is always available to you. No motor or generator problem is 
too big or small, too routine or specialized for ESCO engineers 
and craftsmen to solve properly, the way you want it solved. 


Refer to Esco Catalog in section * in Sweet’s Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem . . . we'll be glad 
to show you how we would go about solving it for you. 


nek GP 


LTY CO. 


179 South Street, Stamford, Conn. 
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toxic, explosive or radioactive. 
Pumping chambers of the two- 
stage unit can be piped in series, 
as shown, or parallel for compact 
high-head or high-volume pumping. 
Overall size of the pump is ap- 
proximately 2 x 1 x 1% ft. It pro- 
vides heads to 230 ft. Standard 
temperature limit is 450 F; pres- 
sure limit is 300 psi. Pump can 
be fabricated from cast iron, cast 
steel, 300-series stainless steel, 
Monel or Carpenter-20. Chempump 
Corp., 1300 E. Mermaid Lane, Phil- 
adelphia 18, Pa. 

—Circle ITEM 84 


Pressure Reducing Valve 


provides constant flow 


Hi-Flo regulator for noncorrosive 
liquids provides constant flow de- 
spite wide fluctuations in inlet pres- 
sure. Balanced for smooth throt- 





tling action, the valve employs a 
long-travel diaphragm and a large 
bowl to insure full flow. Classes 
W-1 and WL-1 are available in 
cast-iron bodies from % to 2 in. 
Inlet pressure range is 10 to 250 
psi at 180 F; exit regulated pres- 


MACHINE DESIGN 
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SITTING PRETTY... 
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...on LORD 
foot mountings 






The new Burroughs’ Ten Key Adding Machine has 
foot mountings designed by Lorp. Despite their 
apparent simplicity, the mountings had to (1) assure 
noiseless, cushioned performance, (2) match the 
machine’s color, and (3) overcome migratory and 
contact staining of desk tops. 

The Lorp bonded-rubber mounting shown was 
designed to meet these tough requirements. It effec- 
tively isolates vibration by separate mounting of 
chassis and base. The specially compounded rubber 


designers 





and producers 
does not stain or mark desk-top surfaces. Color- ICr ee 
matching was achieved without impairing the good 
vibration control characteristics. As a result, Bur- rubber 
roughs’ new machine is “sitting pretty”—with its ad- : products 
vantages of quiet operation, attractive appearance Bo ee 1 since 1924 
and non-marking feet assured by LoRD mountings. NDED RUBE ! 
Lorp can make bonded-rubber foot mountings in a NEW YORK, N. Y. - Circle 7-3326 + PHILADELPHIA, PA. - LOcust 4-0147 
: . CLEVELAND, OHIO - SUperior 1-3242 + DAYTON, OHIO - Michigan 8871 
variety of sizes and shapes to enhance the beauty and DETROIT, MICH. - TRinity 4-2060 + CHICAGO, ILL. - Michigan 2-6010 
operational appeal of your business machines. We will DALLAS, TEXAS - Riverside S882 + LOS ANGELES, CAL. - NOlywaed 4-7593 
be glad to discuss specific applications with you. “Genet Renny 6 aa Cee 
Contact Lorp today. LORD MANUFACTURING COMPANY « ERIE, PA. 
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fractional HP Vari-Speed | 


MOTODRIVE 





compact, attractive design 


Within streamlined, metallic blue housing is 
REEVES’ “weatherized”’ motor, time-tested 
speed changing mechanism, and heat-treated 
helical gear speed reducer. Maximum space 
for vertical model only 165¢” x 214%" x 1144”. 
Other models equally compact. 





simple, accurate operation 


14-turn handwheel on Speedial indicator gives 
you stepless, accurate speeds from 3 to 4660 
rpm’s—within a 2:1 to 10:1 speed range. Elec- 
tric remote or automatic controls also avail- 
able. 


45° Horizontal 


Model 





versatile application 

Select your exact needs from 112 assemblies: 
VY, ¥2 or % hp. units; horizontal left or right, 
vertical, or 45° left or right models; horizontal 
or vertical down output shaft. 

Write Dept. H19c-M543 for complete bulletin. 
REEVES PULLEY COMPANY - Columbus, Indiana 
Division of RELIANCE Electric and Engineering Co. 
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sure ranges are 5 to 30 psi or 25 
to 80 psi. Leslie Co., 77 Delafield 
Ave., Lyndhurst, N. J. 

—Circle ITEM 85 


Hollow-Coil Pickup 


counts metal parts at 
rate of 12,000 per minute 


Hollow-coil proximity pickup Mod- 
el 4920 (No. 11) accurately counts 


or indicates nuts, screws, or other 


metallic parts as they pass through 





Counting rate can 
be as high as 12,000 per minute, 
and 15 sizes are available with in- 
ner coil diameters from 1, to 3 in. 
Equipped with cable and connector, 
the pickup can be used with either 


the hollow coil. 


of two control units. With model 
4901 control, a de signal is gener- 
ated when a metal object passes 
through the coil. With model 4901- 
R control, the coil can be used 
to actuate electronic counters 
or automatic machinery. Replace- 
able phenolic inserts are supplied 
with each pickup. Electro Products 
Laboratory, 4500 N. Ravenswood 


Ave., Chicago 40, Ill. 
—Circle ITEM 86 


Totally Enclosed Motors 


conform to NEMA 
dimensional standards 


Type H rerated totally enclosed 
nonventilated and totally enclosed 
fan-cooled motors operate where 
noncombustible dust and moisture 
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WESTINGHOUSE SAVES $18,043 
with USS “T-1" STEEL 


The Sunnyvale, California plant of 
Westinghouse Electric Corporation 
controls vibration of huge wind-tun- 
nel air compressors with unusual 
supporting struts. Steel bellows that 
flex, both up-and-down and sideways, 
absorb and isolate the tremendous 
vibration in these powerful ma- 
chines. Westinghouse lopped an im- 
pressive $18,043 off the cost of these 
bellows by switching to USS “T-1” 
Steel. 

“T-1” costs less to machine. It 
costs less to weld. To top it off, “T-1” 


costs less to buy than the steel pre- 
viously used. Yet it is plenty tough 
and strong enough to meet the rugged 
physical requirements. 


NEW WAYS TO SAVE MONEY 
No other alloy steel can be used in 
so many ways to save money or im- 
prove products. Already—and “T-1” 
is still a relatively new steel—it has 
been used with great success in rotat- 
ing machines, earth-moving equip- 
ment, towers, pressure vessels, min- 
ing machines, printing presses, and 


UNITED STATES STEEL CORPORATION, PITTSBURGH + COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO - 


UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS, COAST-TO-COAST - 


G3 7 7] 


UN i! 


oS 


CONSTRUCTIONAL ALLOY ST 


ss ae 


other heavy-duty applications. 

Think of USS “T-1” when you 
need very high tensile strength 
(105,000 psi.) and yield strength 
(90 0C0 psi.) ... when you need good 
creep rupture strength at high tem- 
peratures . . . extraordinary tough- 
ness at sub-zero temperatures . . . re- 
sistance to abrasion, impact, and 
abuse. All or any of these properties, 
plus good weldability, are yours in 
“T-1”"! For information write to 
United States Steel, Room 5180, 
Pittsburgh 30, Pa. 


STEEL BELLOWS SOAK UP VIBRATION. 
Here is one of the struts that sup- 
port each air compressor. Two 
steel bellows—at the top and at the 
bottom of the central cylindrical 
section—flex and absorb the shock 
and stress of heavy vibration from 
the compressor. Tough, strong, 
steel was needed for the bellows. 
USS “T-1” does the job, and saves 
money for Westinghouse Electric 
Corporation. 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


eel | 
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are present. Complete housings | 
and end brackets are solid cast 
iron, ribbed frame. Compact de- 
sign provides higher horsepower 
output in less space than former 
models. Motors are now available 
n on 182, 184, 213, 215, 254U and 
256U frames; larger ratings will 
be available in the rerated frame 
sizes. General Dynamics Corp., 
Electro Dynamic Div., 163 Avenue 
A, Bayonne, N. J. 





Now! ( 


control thaty¥ 







—Circle ITEM 87 
Cut down 


Speed up on waste Precision Limit Stop 
production has adjustable limits 


= 





MA auuol, 
Automation can give you the jump on competition - 
... and selection of the “right” industrial time con- A tawatic Roe-ss 
' 


trols can make a big difference in increased Rotational limits of this precision 
efficiency and reduced manufacturing costs. The 


AEMCO units listed below are just a few of the limit-stop assembly are adjustable 


standard models which today occupy an important : ° from 30 to 4530 deg, depending up- 

place in the nation's industry. Should you have a CO oritimuoud on the number of lug washers used 

particular design problem which would not permit " : 
and the setting of the stop ring. 


the application of a standard unit, write to our 
Rotation of the limit-stop shaft is 


Engineering Department for information and quota- 
blocked when a lug washer con- 





tions on your specialized problems. 
tacts either an adjacent washer 
or the frame stop. Designed to 
use 3/16-in. diam shafts, the as- 
sembly is stainless steel except for 
hangers, which are anodized alumi- 
num. PIC Design Corp., 160 At- 
lantic Ave., Lynbrook, L. L, N. Y. 
—Circle ITEM 88 


More “on” and “‘off"’ operations per cycle! 


CYCLE MASTER TIME SWITCH 


Not just a time switch, the “Cycle Master” 
may be used as a timer as well. Up to 48 
seporate “on'’ and “off’’ operations per 
cycle—ovailable in 1, 12, or 24 hour cycling 
models. Time intervals between “‘on’’ and 
“off” operations of 37% seconds on the | 
hour units adjustable up to 15 minutes on the 
24 hour units by inserting pins. With or 
without skip-a-day feature in 10 and 20 
amp. capacities. Also available with slide 
trippers; however, number of “‘on’’ and “off” 
operations per cycle will be reduced ac- 
cordingly. 










Six-Circuit Control 


= oo — operates from single actuation 
Neat, compact, easy-to-set. Model K3-4 triple-pole, snap-action 
pata peed) wag | switch controls six circuits from 
ren enue to 6©| one actuation. It simultaneously 
SS reverses the current flow through 

two windings in three-phase mo- 


feature rapid re-cycle. 
| tors up to 1 hp, as well as other 
| 


MARA AUTOMATIC 
RE-SET TIMERS 


Actually two inter-connected adjustable 
timers, the MARA Series units permit varying 
not only the “‘on"’ and “‘off’’ periods, but also 
the length of the complete cycle. Units may 
be varied, for example to “on” 6 hours— 
“off” for 2 hours. This series may be supplied 
to operate in cycles from 10 seconds to 108 
hours. Should either open or closed circuits WRITE TODAY 


require a short interval, one timer is provided 


types of multiple-switching in- 





with an extremely short time cycle for pre- If you have a particular design or control problem ; ; 
cise accuracy. Steel case measures 8”x we will be happy to help you solve it with a stallations. The instantaneous 
5°x4'2"—equipped with a lockable standard or custom AEMCO timer. For complete snap-action of the three poles is 









metal hasp. information write to: 


eT ee independent of the speed of actua- 


tion. A variety of standard ac- 
tuators is available. Electrical 
rating is 15 amp at 125/250 v ac 
and at 30 v dc resistive. Mate- 
rial used in control housing makes 


AUTOMATIC ELECTRIC MANUFACTURING CO. 


65 STATE STREET ° MANKATO, MINNESOTA 
TIME SWITCHES @ INTERVAL TIMERS @ SIGN FLASHERS e RELAYS @ CONTACTORS 
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THIS ONE FEATURE ALONE 
MAKES SEALMASTER 
OUTSTANDING 


ZONE HARDENING 


SEALMASTER Ball Bearing Units provide a patented 
exclusive feature, Zone Hardening, which assures a posi- 
tive race to shaft lock. Zone Hardening is a completely 
automatic heat treating process by which tie inner race 
ring of SEALMASTER Ball Bearing Units is hardened 
through the ball path and adjacent section only. The 
extended portion of the inner race is left in its original 
metallurgically soft, tough state. Hardened set-screws are 
mounted through this soft portion of the race, permitting 
race-to-shaft locking with increased holding power and 
greater resistance to vibration and shock. 








You'll want full information on the advantages of 
this and other SEALMASTER features—such as 
Self-Alignment, Locking Pin & Perimeter Dimple, 
Labyrinth Seal, Floating Ball Retainer, etc. Write 
for Bulletin 454 today. 

J 


— 


SEALMASTER BEARINGS A pivision oF stepHeNs-ADAMSON MEG. CO., 18 RIDGEWAY AVE, AURORA, ILLINOIS 
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EXTRA-LARGE 
BEARING SURFACE 
j 


NOSE DESIGN y 
PROVIDES AUTOMATIC — 
SPACING 


SLOT FOR 
ENERGIZING SPRING 


Here’s why the unique design of this sprag 
gives you maximum clutch precision 




















Basic construction of the Form- 





Asimple illustration of how a sprag 
works: A boy dragging a stick be- 
hind him finds no resistance to his 
efforts. However, when he pushes 
the stick ahead of him at a high 
angle—it sticks and knocks the 
wind out of him. The boy's body 
represents an outer race — the 
ground; an inner race. The stick 
represents a sprag wedged between 
the two races. 





Sprags used in Formsprag Clutches 
are highly developed, precision 
wedges of hardened alloy steel. Due 
to the sprag’s design, an unusually 
high amount of torque is delivered 
from one concentric race to the 
other. When torque is applied, the 
sprags are instantaneously en- 
gaged. When torque is removed, 
the sprags release instantaneously. 


sprag Clutch is simple. A _ full 
complement of sprags is inserted 
between inner and outer concen- 
tric races. Contact with both race 
surfaces is maintained by energiz- 
ing springs. Formsprag construc- 
tion allows more sprags to be 
inserted in a smaller area than 
other clutch designs. Result: 
greater torque capacity in a smaller 
clutch. 








Whatever your clutch application 


these distinct advantages: 
Higher Torque Capacity 
Longer Life 

Internal Simplicity 

No Measurable Backlash 


for your specific application. 


Why not write for details today. 
Aé-18 





over-running, back- 
stopping, or indexing—Formsprag Clutches offer you 


Exceptionally Low Maintenance 


The experienced Formsprag Engineering Staff is avail- 
able to recommend a standard clutch or to design one 








Distributors in 
Principal Cities 





OVER-RUNNING— 
BACKSTOPPING— 
INDEXING 


23603 Hoover Road, Van Dyke, Michigan. 


World’s Largest Exclusive Manufacturers of Over-running Clutches 
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it suitable for use at high tempera- 
tures. Electro-Snap Switch & 
Mfg. Co., 4218 W. Lake St., Chi- 
cago 23, Il. 

—Circle ITEM 89 


Needle Valve 


controls corrosive fluids 
at pressures to 10,000 psi 


Safe, accurate control of corrosive 
fluids is provided by this stainless 
steel needle valve at line pressures 
up to 10,000 psi. Valve body, stem, 
and stem guide are 416 stainless, 


and stem is hardened and ma- 
chined with fine-pitch threads for WHAT'S YOUR MEASURE 


close flow regulation. Extra-deep 
packing is clean, durable, and eas- OF A GooD 


Air Compressor? 


Size for size—feature for feature—you’ll do well to 
compare the many. advantages the Ingersoll-Rand 
Air Compressor offers your product: 





e Produces more air-per-horsepower because of design 
features not found in other compressors. 

e Operates quietly and efficiently. 

e Outlives other compressors—years longer than most 
as the record shows. 

ily replaced. Pipe threads are e Looks like Quality—and it is—compact, well con- 

long-length, permitting tight seal- structed, durably built. 


ing of pipes that may be threaded , , , : 
- s- 
undersize. Jas. D. Marsh Corp., Get more detailed information on I-R Air Compre 


3501 W. Howard St., Skokie, Ill. sors—'4 to 20 hp—and see how they can help the sale 
—Circle ITEM 90 of your own equipment. For prompt response, write to: 


‘<a. LR) Ingersoll-Rand 


position indication 11 Broadway, New York 4, N. Y. 

















Hermetically sealed Mindicator 
has high readability and excellent 
vibration resistance. Clear indi- 
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Now, Greater Dependability, 


longer Life for Flex Connections cation of alarm, malfunction, posi- 


tion or other information is pro- 


. . vided by a rotating disk dial that 
with New Stainless Steel Rex-Weld | sey” oe ng cin quadrant 
| type, 90 deg openings. Face diam- 
Nominal | Minimum Inside Burst Weight | eter is %-in.; body measures 
O.D. (In.) | Bend Diameter (In.)| Pressure | Per Foot (ibs.) | 13/16-in. OD by 1 17,64 in. front 





























sms | cam | Gace | trans | os | on | to back. Indicator meets require- 

| so | at | ar | Bend | (Psi) | 80 81 | ments of MIL-E-5272A and is 

Make | available in sensitivities common 
% 12 7% | 16,500 | .20 | .36 | to moving coil de instruments. 





Your 1h 14 10% | 14,000 | 97 | .41 Pointer-type display can also be 
| provided. Marion Electrical Instru- 








7 "fq 16 | 11 | 12,400 | .47| .65 ee ee 
Selectio 21/17 | 10,500] 90/1339 | pcen ll ee 
Here A 18__| 8,500 | 1.04 | 1.59 Circle ITEM 91 





21 7,600 | 1.81 | 239 8 | 
1% | 2% | 22 6,600 | 2.19 | 2.71 
| | 24 4,650 | 2.97 | 3.78 Bf 











Stainless-Steel Filters 


for use in viscous or 


RW-80 is unbraided, RW-81 corrosive media 
has stainless steel braid. A 





“~~ 7 





me 
S t L054 
a> i) i complete selection of fac- . : 
FLEXON De y\h AL tory-attached fittings is Stainless-steel Poro-Kleen filters 
The Complete Line ace! | Wie uid available to meetall require- | ean be used to filter corrosive liq- 
for good connections pHNgRAR ments. Data on larger sizes ae 
(to 6” LD.) available on uids or gases at temperatures to 





REX-WELD 
corrugated metal hose is 
available in stainless steel, 
steel, bronze and alloys; sizes 
X,” through 24”, 1.D.; for 
burst pressures to 18000 psi. 


REX-FLEX 
corrugated stainless steel hose; 
sizes %," through 6”; working 


request. 1200 F and differential pressures 
New stainless steel Rex-Weld corrugated to 2000 psi. Filter elements, some 
metal hose makes possible opportunities of which are shown here, are pro- 
for greater economy in scores of flexible duced from mixtures of spherical 
connection applications. and nonspherical powdered stain- 
less-steel alloys. After selection 


' 
v 
t 
t 
' 
' 
' 
' 
' 
; If corrosion is a problem, internally 
: or externally, specify stainless steel Rex-Weld. 
500 pet ; If your cost of replacing flexible connections 
pressures to 3100 psi. ! is high, you can reduce the frequency 
REX-TUBE : of replacement by specifying stainless steel 
interlocked and square t Rex-Weld. Similarly, if the cost of downtime 
locked type hose and or the cost of interrupting continuous 
— in stecl, a ! processes makes less frequent replacement 
stool and other alloys; sizes ; of flexible connections imperative, specify 
' 
t 
' 
' 
' 
' 
' 
' 
. 
' 
' 
' 


X,” through 12”, 1.D. for low : : 
end moderate pressures end stainless steel Rex-Weld. 


for use as conduit, ducting, 
exhaust, protective armor, etc. 





Basic specifications for stainless steel 
Rex-Weld are given above. Check your 
requirements against this data, today, and 
determine where the corrosion resistance 
and extra durability of stainless steel 
Rex-Weld will pay dividends for you. 

Write for full information. 


CATALOG No. 152 
gives basic specifications and 
application data for Flexon 
Metal Hose. Write for your 
copy, today. 


RW27 





CHICAGO METAL HOSE 


DIVISION according to physical properties de- 


| sired, the powder is furnace sin- 
tered. Filters are built to standard 
AN specifications. Special designs 
can be provided for filtration of 


1339 S. THIRD AVENUE, MAYWOOD, ILLINOIS 








FORMERLY CHICAGO METAL HOSE CORPORATION 





Manufacturers of flexible metal hose and conduit, expansion 





joints, metallic bellows and assemblies of these components. submicronic iron particles. These 
in Canada: Flexonics Corporation of Canada, Ltd., Brampton, Ontario magnetic units will also remove 
—ITEM 250— 
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HEDRAL COUPLINGS 


Cut-away view of Ajax 
Dihedral Coupling 
showing arrangement 
of teeth. 


La 


Designed and built by Lake Erie 
Engineering Corp., this Feeder Roll 
Stand is equipped with Ajax Dihedral 
Floating Shatt Couplings for special 
applications in contour correction of 
extruded shapes. 





@ Ajax Dihedral Self-aligning Couplings handle mis- 
alignment heretofore impossible with conventional 
couplings. Their ability to handle angular, offset and 
end float misalignment up to a total of 12 degrees is 
based on Ajax patented dihedral tooth design. 

Get the facts on how manufacturers of presses, 
machine tools, rolling mills, cranes, earth moving and 
many other direct-connected machines are simplifying 
design, cutting manufacturing costs and improving 
performance with Ajax Dihedral Couplings. Write 
for Bulletin 52. 


Also Manufacturers of Ajax Rubber-Bronze Bushed Couplings, 
and Ajax Vibrating Screens and Conveyors. 





Here’s A Device Every Machinery 
Designer Should Know About... 








Please send immediately a free copy of your new Worm Gear Jack Brochure. 
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It’s the Duff-Norton Worm Gear Jack, successfully 
used by many machine builders as a component of 
equipment for precise, positive control of linear motion, 
applying pressure, resisting impact. Two or more of 
these jacks can be connected by means of shafting and 
mitre gear boxes or any power-operated positive control 
system so that jacks always raise or lower under equal 
or unequal loads in perfect unison. Capacities range 
from 5 to 35 tons with any raise up to 25 inches; worm 
gear ratios, 8:1 to 96:1; turn of worm for each 
l-inch raise, 10 to 180; available in either Acme or 
square threads. Screw ends and tops are available in 
many types and can be readily adapted to your specific 
requirements. 

Thousands of these jacks are in use today for table 
adjusting—machine adjusting—rolling mill adjusting— 
raising and lowering conveyors, machine beds, molds 
and dies, furnace lids, loading platforms, loading racks, 
gates, hinged mechanisms, arbor presses—adjusting 
electrodes—overhead crane servicing. 

Duff-Norton Worm Gear Jacks are available in 6 
standard sizes or to your special order. For complete 
specifications and detailed drawings, send for your 
free copy of a special brochure. 


DUFF-NORTON 
Company 


DUFF-NORTON COMPANY 
Department MD 
P.O. Box 1889, Pittsburgh 30, Pa. 
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New Parts 





non-magnetic contamination of 2, 
5, and 10 micron size. Cuno En- 
gineering Corp., 100 S. Vine St., 
Meriden, Conn. 

—Circle ITEM 92 


Reinforced Epoxy Tubing 


resists oils, chemicals, 
and gases 


Easily machined and lightweight, 
glass-fiber tubing is epoxy impreg- 
nated and is resistant to most gas- 
es, fuels, oils and chemicals, at 
temperatures to 350 F. Moisture 
absorption after 90-day immersion 
in water is less than 1 per cent. 
Electrical resistivity of impregnat- 
ing material is 101° ohm-cm at 77F 
and 10'? ohm-cm after 35 days at 
95 per cent relative humidity and 
140F. Tubing is manufactured in 
standard lengths up to 9 ft, mini- 
mum wall thickness is 0.008-in., 
and diameters down to 1/16-in. ID 
are available. Lamtex Industries 
Inc., 51 State St., Westbury, N. Y. 

—Circle ITEM 93 


Tachometer 
signals high or low speeds 


High and low speed limit pointers 
are independently set in series 42X 
indicating tachometer. Limit point- 
ers act as switch contacts actuating 





self-contained power relays, pro- 
viding remote alarm signals or cor- 
rections for high or low-speed con- 
ditions. Unit can also be used for 
such actions as starting or stop- 
ping equipment and opening or 
closing valves. Tachometer is man- 
ually reset after relay operation. 
Scales are available in units such 
as revolutions per minute, feet per 
minute, or sheets per hour. Metron 
Instrument Co., 432 Lincoln St., 
Denver 3, Colo. 

—Circle ITEM 94 
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Angle Measuring Instrument 


reads electrical and 
mechanical angles 


Mechanical and electrical angles of 
potentiometers, switches, resolvers 
and similar components can be read 


iy 
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to +0.1-deg by Anglyzer instru- 
ment. Angles are indicated on a 
360-deg scale on the perimeter of 
a disk that can be rotated with 
the component in position. Compo- 
nent shaft lengths from 1/16 to 
21% in. are accommodated, and col- 
lets are available for shaft diam- 
eters of 144 and 14-in. Waters Mfg. 
Inc., P. O. Box 368, South Sudbury, 
Mass. 

—Circle ITEM 95 


Strain Gage Kit 


for experimental use 


Offered for experimental use with- 
out gage guarantees, SR-4 strain- 
gage kit contains ten gages, four 
types of cement, application tools 
and instructions. Temperature lim- 
its of the four cements are 700, 900, 
1100, and 1800 F. Gages consist of 
etched-foil grids 0.0005-in. thick 
mounted on temporary carriers. 
On application, carriers are 
stripped off, leaving the grids em- 
bedded in a ceramic cement. Ni- 
chrome, Nichrome V, and Constan- 
tan grids are available in lengths 
of 3%, % and iin. Manufacturer’s 


tests show that the gages can be 


used in static tests up to 1100 F. 
At higher temperatures, gages can 
be used only for dynamic tests. 
Nominal gage resistance is between 
97 and 120 ohms, and gages in a 
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tor ALLOY 
AVAILABILITY 


HASTELLOY B&C 


INCONEL 


ALLOY 20 
Lote) 135 


PRECIPITATION HARDENING 
GRADES 
0.03 MAX. CARBON 





YOU GET FAST DELIVERY... even 
on small orders of special alloys... 
Hastelloy B & C, Monel, Inconel, 
Alloy 20, 0.03 Max. Carbon, Precipi- 
tation Hardening Grades are just a 
few examples of alloys that are avail- 
able—fast—when you need them. No 
waiting for long runs of standard pro- 
duction items to be completed before 





your order can be started. Big orders can be handled efficiently and 
economically too. A complete metallurgical laboratory enables ESCO 
to take advantage of the latest technological advances. Result: Out- 
standing quality control on every order. 


UNUSUAL SHAPES AND SIZES 
ARE NO PROBLEM EITHER... 


ESCO can supply you with static or 
centrifugal castings in wall sections 
and dimensions to meet your most 
exacting requirement. 
is available, too, where needed. 


cast 
Ask for details or write for free booklets ...‘‘How tocut 
Costs With ESCO Spuncast ®”’... and “ESCO Stainless 


and High Alloy Products for the Process Industries” 


specialists in 
high alloy 


steels 


ESCO Shell- 


ALLOY Orvis st 


HIGH 





ELECTRIC STEEL FOUNDRY CO. 


Manufacturing 
Plants 

2183 N.W. 25th Ave. 
Portiand 10, Oregon 
712 Porter St. 
Danville, Iilinois 


ESCO International and New York Office 
420 Lexington Ave., New York City, N.Y. 


Other Offices and Warehouses 


Los Angeles, 
Son Francisco, Calif. 
Seattle, Spokane, Wash. 


Salt Lake City, Utah 
Honolulu, Hawaii 

in Canada, Vancouver, 
British Columbia and 
Toronto, Ontario. 


Houston, Texas 
Eugene, Ore. 
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HIGH TORQUE 


AND 
LOW SPEED 





SOL 
a 


7he net ROPER 
HYDRAULIC PUMP-MOTOR 


ft Imyoroved INDUSTRIAL SERVICE 


Designed by the same engineers 

who developed the famous Roper 
Rotary Pumps, the new Roper 
Hydraulic Pump-Motors operate on 
the same principle using two equal 
size, smooth-running gears in a 
precision-fitted case. These units offer 
low-speed and high-torque (much 
needed in the hydraulic field), and 
their versatility finds them well-suited 
to heavy-duty service within their 
operating range. They run equally well 
in either direction both as pumps or 
motors ... they can be direct- 
connected without speed reducers, 
thus conserving space ... they are 
easily installed, easy to operate, and 
are long on economy. Perhaps you 
have equipment that can be further 
improved with a Roper Hydraulic 
Pump- Motor. Send for all the facts 
today. 


PERFORMANCE CHARACTERTISTICS 

Available in foot and flange mounted models. Recommended speed range 
on larger sizes is from 200 to 800 RPM with pressures to 800 PSI In this 
range, Roper units require from 7 to 40 GPM flow and will develop up to 
11.5 HP output at maximum speed and pressure. Smaller sizes may be 
operated up to 1200 RPM and up to 800 PSI which will require a flow 
of 16 GPM to develop up to 5 HP. 


SEND FOR BULLETIN 22 ide] >] = ra 


Engineering Equipment 





kit are matched to +0.2-ohm. 


Baldwin - Lima - Hamilton _Corp., 
Philadelphia 42, Pa. 
—Circle ITEM 96 


Drafting Accessory 


protects drawings against 
smudging and tearing 





| Attached to the front edge of any 


drawing board, the Spiroll drafting 
board accessory receives the bot- 
tom edge of a drawing. Slight 
pressure on the sheet coils it in- 
side the metal cylinder. Paper is 


| adjustable to bring any section of 
| a drawing into a comfortable posi- 


tion on the board. The device 
keeps drawings free from smudges, 
wrinkling, and torn edges and does 
not interfere with the use of draft- 


| ing instruments. Hinge mounted, 
| the Spiroll is made in 42, 48, 54, 


and 60-in. lengths. Spiroll Products 
Co., 1 Concord Rd., South Sudbury, 
Mass. 

—Circle ITEM 97 


Perspective Drawing Grids 
for speed and accuracy 


Twenty-one grids in three differ- 
ent sizes comprise the basic Pre- 
cision Perspective grid set, which 
provides accuracy and speed in per- 
spective drawing. The seven grids 
in any size are progressively dis- 
placed from each other in 20-deg 
steps. Rotation of the basic set 


' allows an object to be represented 








in 81 different positions. A selec- 
tor chart is included for determin- 
ing the grid size and angle to be 


| used for the view desired. Grid 
| sizes are 11 by 11 in., 22 by 22 in., 


and 40 by 40 in., for perspective 
drawings intended to be viewed at 
normal, twice normal, and four 
times normal reading distance. 


@ F Zz ne Perspective Inc., 402 American 
GEO. D. ROPER CORPORATION © 242 Blackhawk Park Ave., Rockford, lll. oe Bldg., Seattle 4, Wash. 
—Circle ITEM 98 
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No job is too tough for a FLEXLOC. TOMKINS-JOHNSON uses a 
FLEXLOC on the piston rod of its revolutionary Super-Cushion 
Air Cylinder. The maker doesn't take the chance of a nut com- 
ing loose and damaging the whole cylinder. 


—ITEM 255— 


What FLEXLOC 


locknuts do for you 


FLEXLOCs eliminate complicated, 
time-consuming methods of locking 
threaded fasteners. They offersimpler, 
faster application and safer, more 
dependable locking than plain nuts 
and lockwashers, castellated nuts and 
cotter pins, or nuts and jam nuts. 
And they won’t work loose. 


The reasons for all this are plain. 
FLEXLOCs are one piece— nothing to 
assemble, come apart, lose or forget. 
FLEXLOCs are all metal—have higher 
tensile than most other locknuts and 
are not affected by temperatures to 
550°F. FLExLocs are both stop and 
locknuts—don’t have to seat to lock, 
and stay put anywhere on a threaded 
member as soon as their locking 
threads are fully engaged. 


SPS can deliver any quantity of 
FLEXLOCs in a wide range of sizes. 
Stocks are carried by industrial dis- 
tributors everywhere. Write for liter- 
ature. SPS, Jenkintown 18, Pa. 


FLEXLOC 


LOCKNUT DIVISION 


STANDARD PRESSED STEEL CO. 


JENKINTOWN PENNSYLVANIA 
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= Listed below are 18 different reprints of major 
= articles which have appeared in MACHINE 
> DESIGN ... each a valuable supplement to [| === |  ©=§=© 
= your “working” library. To get your copies, 
: simply indicate the desired number in the box Recent Book 
opposite each title, fill in your name and ad- 
dress below, and send this form to MACHINE BS Arithmetic Operations In Digital , 
DESIGN Reader Service, Penton Building, == | Computers. By R. K. Richards, de- 
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== Copies Copy 8 = 
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' : : : 
(____) MECHANICAL ADJUSTABLE-SPEED DRIVES 1.00 } artthenstis eperaiions ans puagpans- 
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= (__) QUALITY CONTROL METHODS 1.00 } == | terned after particular machines 
= ' => , 
EB (___.) WHY MACHINE PARTS FAIL 1.00 } = that are typical of a category. 
= ' = 
= ( ) TRESS ANALYSIS IN DESIGN 1.00 ! = * 
= (____) MULTIPLE CIRCUIT SWITCHES 1.00 | = 
= : = Industrial Lubrication Practice. By 
= ( ) ELECTRICAL CONNECTORS 1.00 ; == | paul D. Hobson, research associate, 
= ' = , . iat 
= (____) TRANSACTIONS OF THE FIRST CONFERENCE ON [ae | Pennsylvania State University; Sts 
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= ( ) MECHANISMS FOR INTERMITTENT MOTION 1.00 } = : — 
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= (___.) ENGINEERING MANAGEMENT 1.00 ! = | summarizes principles and tech- 
= ' == | niques. Chapters cover plain and 
= MACHINE DESIGH ; = | antifriction bearings, and storage, 
= Reader Service TOTAL COPIES } | ———— —"s and — 
= Penton Building : | tion of lubricants. ‘ourteen chap- 
= Cleveland 13, Ohio _— ania | ters cover lubrication of particular 
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== — ; = last chapter concerns storage pres- 
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rod ends 


reduce cost of material 





and assembly time... 


The Milton Roy Company, Philadelphia, 
uses Heim Rod Ends on their Model H-20 
Pumps because of overall cost reduction 
both in material and assembly time. The 
self-aligning feature of Heim Rod End 
Bearings eliminates the need for time- 
consuming perfect alignment between the 
crank arm and the plunger moving in the 


This 
pump frame. 


cutaway 


view shows 


the groove ° ° ° . 
wipes In this application, one male and one female Heim Rod End 
left . = 
aia } | 3 are assembled together to form the complete linkage. 
etween the ! ’ 
inserts for The Heim Unibal principle is based on a 
a single ball rotating freely in a bronze socket. 
lubrication ¢ 











, This socket is formed when bronze inserts 
of the are pressed into the housing to follow the 
contour of the ball and expand into 
interlocking relationship with the 
outer member. 


Ler <—* 
a = a 


a 


single ball. 


Please write for 
complete catalog of 
Heim Bearings. 
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THE HEIM COMPANY 
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STOW Flexible Shafts have effectively solved |: ie of ect § 
power take-off problems on both trucks and te 2 $ 
tractor-trailers. Large shafts, such as the ] 








1%" pictured above which transmits up to 
10 H.P., have proven their ability on power 
take-off applications more efficiently and 
with more trouble-free service... 
to operate pumps for petroleum, milk and other liquids; 
to operate conveyors for grain, coal; to operate 
compressors 0n refrigeration trucks. 


Diagram shows 
STOW power 
drive shaft instal- 
lation operating 
through 90° bend. 


nd 


\ oom 


Why not put Stow to work on your power drive problems? Stow Engineers 
are always at your service. 


For complete engi- 
neering data and 
illustrations on STOW 
Flexible Shafting — 
Write today for FREE 
Bulletin 625. 


Write today for Bulletin 542 
and complete data on Power 
Take-Off drives. 


STOW MANUFACTURING CO. 
11 SHEAR ST., BINGHAMTON, N.Y. 
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The National Press, Palo Alto, Calif.; 
available from MACHINE DESIGN, 
$5.00 postpaid. 


Summarizing 22 reports released 
since 1948 by the Office of Naval 
Research, this volume presents 
the results of experimental and 
analytical work on compact heat- 
transfer surfaces. 

Types of surfaces considered are 
tube banks with both inside and 
outside flow, plate-fin surfaces, 
finned tube surfaces, and screen 
and sphere matrix surfaces. A 
total of 88 surface configurations 
are considered. 

A chapter is devoted to heat- 
exchanger performance theory and 
an appendix presents examples of 
calculations. Another appendix 
presents the properties of air, 
water, water vapor and combus- 
tion products. 


Torque Converters or Transmis- 
sions. By P. M. Heldt; 496 pages, 5% 
by 8% inches, clothbound; published 
by Chilton Co., Philadelphia; avail- 
able from MACHINE DESIGN, $8.00 
postpaid. 


The subtitle of this book indi- 
cates its subjects are “for use with 
combustion engines in road and 
rail vehicles, tractors and locomo- 
tives.” The field is covered in 19 
chapters classified in two major 
groups: hand-operated and auto- 
matic transmissions. In this fifth 
edition only minor changes have 
been made in the first group. The 
second group has been brought up 
to date and particular attention is 
paid the hydrodynamic torque con- 
verter type using planetary gears. 


An Introduction to the Theory of 
Aeroelasticity. By Y. C. Yung, Calif. 
Institute of Technology; 490 pages, 
5% by 9 inches, clothbound; pub- 
lished by John Wiley & Sons Inc., 
New York; available from MACHINE 
DESIGN, $10.50 postpaid. 


The effects of aerodynamic 
forces on elastic bodies form the 
subject matter of aeroelasticity. 
These phenomena are particularly 
important in aeronautics and sig- 
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satisfied customers 
have readymade audiences! 


Here’s a man who is really happy about his new oil furnace. . . 
an enthusiastic booster who can hardly wait to tell about it. 
Chances are that a Packard Electric motor has a lot to do with 
his satisfaction . . . for Packard motors deliver quiet, depend- 
able, long-lasting performance that’s bound to please. 
For more than 39 years, Packard Electric craftsmen have been 
REG. U.S PAT OFF building fractional horsepower motors that lead to one customer 
telling another. Packard builds a lot of satisfaction into every 
Packard Electric Division motor . . . and there’s nothing better than a satisfied customer 
General Motors, Warren, Ohio to boost both reputation and sales. 


—ITEM 258— 
February 23, 1956 For More Information Circle Item Number on Yellow Card—page 19 187 








Be Sure 
with a 


Matched-to-the-Machine 
STEARNS MAGNETIC CLUTCH 


On many machines, a standard magnetic clutch does the job. 








On others, however, a special custom-made unit is needed for 


the most profitable results. 






In either case, you’re right with 

Stearns — because this pio- 

neer in magnetic equip- 
ment builds both. 


Here are important 
reasons why Stearns 
magnetic clutches 
provide positive de- 
pendable control on 
such a wide variety of 


applications. 


® Quiet and cool running. No 
metal-to-metal contact, no spark- 
ing. 

®@ Automatic or manual control. 


@ Torque range from .4 to 30,000 
Ib. ft. 

@ Low inertia — fast, smooth en- 
gage and disengage. Split shaft, 
through shaft, two speed drives, 
forward and reversing drives — 
other special applications. 


® No toggles, yokes, shifters. 

@ Simple adjustment. 

Let Stearns’ design and engineering experience work for you. Consuit 

your Sweet's Product Design File or write for bulletin §226-D. 
1083 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS me MAGNETS — 


STEARNS MAGNETIC, INC, 692 S. 28th St., Milwaukee 46, Wis. 
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The Engineer's Library 





nificant in other fields. Chapters 
2 to 11 contain a survey of aero- 
elastic problems, basic physical 
concepts, and the principles of 
analysis. Chapters 12 to 15 con- 
tain the fundamentals of oscillat- 
ing airfoil theory. 


Bearing Lubrication Analysis. By 
R. R. Slaymaker, professor of ma- 
chine design, Case Institute of Tech- 
nology; 108 pages, 5% by 9 inches, 
clothbound; published by John Wiley 
& Sons Inc., New York; available 
from MACHINE DESIGN, $5.00 postpaid. 


Written for the machine de- 
signer rather than the lubrication 
specialist, this book covers the 
general principles of lubrication 
analysis in bearing design. In a 
total of seven chapters, the text 
deals mainly with sleeve bearings. 
Subjects included are an outline of 
hydrodynamic theory, the charac- 
teristics of bearing materials, and 
an analysis of so-called oilless 
bearings. 


Association Publications 


ASTM Specifications for Steel Pip- 
ing Materials. 432 pages, 6 by 9 
inches, paperbound; published by and 
available from American Society for 
Testing Materials, 1916 Race S&t.. 
Philadelphia 3, Pa., $4.00 per copy 
to nonmembers. 


The 1955 edition of this compila- 
tion contains the latest approved 
form of 58 ASTM specifications 
for ferrous pipes, tubes, castings. 
fittings and bolting materials. New 
specifications concern welded pipe 
for high-pressure service, cold- 
drawn wrought-iron heat-exchang- 
er tubes, and steel castings nor- 
malized and drawn for high-pres- 
sure and high-temperature service 

4. 


re \ 

Proceedings, Eleventh Annual Meet- 
ing, Metal Powder Association. Vol 
1, Géneral Session on Powder Metal- 
lurgy, 113 pages, and Vol. II, Elec- 
tronic Core Session, 199 pages, 6 by 
9 inches, paperbound; published by 
and available from the association, 
420 Lexington Ave., New York 11, 
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with arpenter Diamond-Shaped Stainless Tubing 


e A new feature in this volume doughnut fryer is the 
use of super sanitary heating tubes made from 
diamond-shaped Carpenter Stainless Tubing. The 
diamond shape permits faster, more economical 
heating because of the greater heating surface in 
with the fat. crumbs cannot 


contact Doughnut 


settle on the tubes, making cleaning easier and 


preserving the fat longer. 


This is just one more example of combining the in- 
herent advantages of stainless—high strength-weight 
ratio, fine appearance, corrosion and abrasion resis- 
tance and super sanitation—with the extra benefits 
of special shapes of Carpenter Stainless Tubing. 


Why not investigate the possibilities of designing 





and building the advantages of Carpenter Stainless 
Tubing shapes into your products. Call your nearest 
Carpenter Distributor or Branch Office for consul- 


tation and information. 


The Carpenter Steel Company, 
Alloy Tube Division, Union, N. J. 


MEMBER 





Export Dept.: The Carpenter Stee/ Co., Port Washington, N. Y.—‘*CARSTEELCO” 


Stainless Tubing & Pipe 
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Mr. Design Engineer: 


Controlled TIMING 
for your 
Automatic Machines 





This steel-clad Durakool timer- 
relay has unique construction 
features that provide millions 
of cycles with complete de- 
pendability. Mechanical life 
now multiplied 5 to 6 times 
with the new plunger con- 
struction. Pre-set timing, any 
combination from 0.15 sec. to 
20 sec. 


See telephone directory for local dis- 
tributor or write for Bulletin 800 


FACTORY-SET, TAMPER- 
PROOF TIMING. 


%& Practically fail safe 
%& No sticking contacts 


%& No maintenance on con- 
tacts 


¥%& A Relay and Timer all in 





DURAKOOL, INC. 
ELKHART, INDIANA, U.S.A. 
700 Weston Rd., Toronto 9, Canada 


one, 


wo TEL CT 
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TURN YOUR OWN PINIONS 


Mass Gear can generate spur, helical 
and worm pinion rod in all types of 
material including plastic. 


Mass Gear can also produce any type 
of serrated or special form rod that can 
be generated. 


These rods are available up to 6 feet in 
length, from 5/32" to 1%" in diameter. 


Mass Gear products are made to 
A.G.M.A. standards, thus insuring uni- 
form quality. 

Illustrated brochure showing interesting 
designs and suggestions available upon 
request. 
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assachusetts Gear & Tool Co. 
WOBURN, MASS. 
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$3.00 euch volume. 


Volume I of these collected pa- 
pers covers plating of metal-pow- 
der parts, machinability of sintered 
bronze, prealloy steel powders, car- 
bide tooling, small volume produc- 
tion, copper additions to iron, 
European techniques, and titanium 
powder metallurgy. Volume II 
covers specifications and applica- 
tions of iron powders in electronic 
cores. 


1954 Supplement to the Bibliogra- 
phy and Abstracts on Electrical Con- 
tacts. 48 pages, 6 by 9 inches, pa- 
perbound; published by and available 
from American Society for Testing 
Materials, 1916 Race St., Philadelphia 
3, Pa., $1.00 per copy. 


This booklet is the second of two 
supplements to the 1952 Bibliog- 
raphy. It contains references on a 
wide variety of subjects including 
microphysics of the electric are, 
metallurgy of contact materials, 
mechanics of operating mechan- 
isms, physical and chemical prop- 
erties of contact materials, and 
ambient conditions. 


Manufacturers’ Publications 


Forming of Austenitic Chromium- 
Nickel Stainless Steels. 394 pages, 8% 
by 11 inches, clothbound; published 
by International Nickel Co. Inc., 
available from Direct Mail Circula- 
tion Section, International Nickel Co. 
Inc., 67 Wall St., New York 5; $5.00 
per copy. 


Extensive and detailed informa- 
tion on the forming of stainless 
steels was compiled by Interna- 
tional Nickel Company with the 
co-operation of many groups simi- 
larly interested in that material. 
The compilation was first published 
in 1947. This second edition pre- 
sents up to date practices on con- 
ventional equipment and includes 
recently developed forming meth- 
ods. 

Chapters cover the mechanical 
properties of stainless steels, form- 
ing characteristics, processing after 
forming, and forming tools. Other 
chapters cover the forming of 
particular shapes. 
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Its use to achieve 
product improvement and fabrication economy 


What is Mash Welding? 


Mash welding is a type of resistance welding used to join 
the edges of two sheets of metal and produce a flush sur- 
face of the near original thickness of one sheet. After 
completion of the weld, both sheets lie on the same plane. 
The welded area, minutely thicker, requires only a mini- 
mum of finishing. 

No gas, flux, or rod is required. Parts to be joined 
are simply placed between the welding electrodes .. . 
pressure is applied . . . a flow of current is passed through 
the piece parts via the electrodes. Natural resistance of 
the metal parts to the electrical flow creates a heat that 
causes the metals to fuse at the point of electrode contact. 


To demonstrate: Fig. 1 shows the edges of two metal 
sheets that are to be joined over lapping, approximately 


(eneetste- — 
nae a dg 











the thickness of one sheet of the material. Fig. 2 shows 
flat faced wheel type electrodes being passed over the 
lapped edges. The welding current passes either continu- 
ously or in a series of closely spaced impulses. j 





Fig. 3. Macrograph of typical mash weld. 


When to Design for Mash Welding 


Specify Sciaky “Mash Resistance Welding” when- 
ever you wish a flush joint without a weld bead, rivet 
heads, or exterior fastening of any kind. Typical applica- 
tions are tanks and conical shapes where a minimum of 
exterior finishing is desired. An enlargement of a welded 
cross-section of a typical piece part application is illus- 
trated in Fig. 3... a strong, yet smooth, metal marriage. 





Advantages of Resistance Welding 


Production increase and lower operating costs are 
direct results of the application of Sciaky resistance weld- 
ing techniques. The simplicity and effectiveness of the 
Sciaky technique reduces multi-step fastening opera- 
tions to just one. No skilled workers are required . . . one 
operator can consistently produce welds suitable to both 
quality and production requirements. 


Sciaky Patented 
Three-Phase Resistance Welders 


Invented, pioneered, and patented by Sciaky, the 
Three-Phase principle of resistance welding allows a bal- 
anced current to be drawn from all three phases of the 
power supply. The three-phase balanced load, high power 


T tuectaove ronce CONSTANT PRESSURE 


PRECOMPRESSION FORCE RECOMPRESSION FORCE 




















Fig. 4. Three-Phase Weld Sequence. 


Largest Manufacturers 
of Resistance Welding Machines in the World 





factor principle of operation offers direct savings in lower 
power bills, lower installation costs, smaller distribution 
lines, and smaller switch gear. 


Sciaky Plans for Tomorrow... 
at their New Research Center 


Sciaky’s new three-quarter million dollar Research 
Center is equipped with the most advanced resistance 
welding machines, testing instruments, and trained per- 
sonnel devoted to solving your joining problems and 
advancing the application and development of resistance 
welding. The Research Center invites you to submit your 
fastening design problems. 


Build Your Data File 
with FREE Sciaky Literature 


Write today on your company letterhead describing 
your particular field of interest. We will send suitable 
back issues (as well as future issues) of our “Resistance 
Welding At Work” publication, showing typical design 
problems solved by this method of fastening. All con- 
tain impressive case history examples of Sciaky basic 
thinking—resistance welding techniques designed to do 
more useful work at lower operating costs with maximum 


reliability. 
SScianKy, 





Sciaky Bros., Inc., 4939 West 67th Street, Chicago 38, Ill., Portsmouth 7-5600 
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DRIVE IT WITH A NEG’ATOR® 





constant-force spring 


Ideal for use as a powerful, constant- 
torque motor is the NEG’ATOR Spring, 
the revolutionary constant-force 
spring component which is giving 
design engineers new ideas. 

They’re using the NEG’ATOR Spring 
as a motor in two ways. A light 
torque motor is made by winding 
the NEG’ATOR Spring around two 
drums of unequal size. The tendency 
of the material to recur! to its preset 
curvature around the smaller drum 
imparts a constant output torque to 
the shaft of the larger (output) drum. 
A more powerful and efficient motor 
is made as shown above—by reverse- 
bending the free end around the 
output drum. 


Think of how products can be im- 
proved, problems solved with a long- 
running, constant-torque motor. An 
aircraft designer with a critical 
counterbalance problem found out. 
So did a manufacturer of self- 
retrieving, 50-foot, steel tapes...a 
motion picture camera maker .. . an 
engineer who developed a new pre- 
cision mechanical computor . .. many 
others with drive unit, long deflec- 
tion, and counterbalancing design 
problems. 

And, so will you when you get the 
full story. Ask us for a copy of 
Bulletin 310N, ““The Story of the 
NEG’ATOR Spring.”’ We’ll send it im- 
mediately without cost. 











fake m-ifelas 


rotolal-B¢-taheniecl aot mnt elalale| 


HUNTER SPRING COMPANY 
3 Spring Street, Lansdale, Pennsylvania 


(near Philadelphia) 


SPRINGS * STAMPINGSE * TEST APPARATUS 
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Domestic and Commercial 


Air Conditioners: Units designed 
for residential and small business 
applications are available in 2, 3 
and 5-ton capacities. Insulated 
cabinets contain filters, cooling 
coil, thermostatic valve, centrif- 
ugal blower and motor. Refrig- 
eration is furnished by a compres- 
sor which may be located remotely. 
The units are adaptable for use 
with city or tower water and evap- 
orative or air-cooled condensing 
units. General Motors Corp., Frig- 
idaire Div., Dayton, O. 


Ice Flaking Machine: Chip-Freeze 
automatic unit produces 560 Ib of 
ice daily. Ice flakes are removed at 
waist level from the lower part of 
the upper section of the storage 
bin, and new ice is produced at the 
top of the unit. The mechanism is 
accessible from front and rear, and 
operates automatically as ice is 
used. Design incorporates low-pres- 
sure cutout protection in the event 
of temporary interruption of the 
water supply system. Well-venti- 
lated compressor provides good air 
circulation in warm temperatures. 
Storage capacity is approximately 
200 lb. Floor space requirement is 
30 x 24 in. Units are available in 
five pastel colors in addition to 
white. Shelley Industries, Cold 
Corp. of America Div., Chicago, Il. 


Rotary Lawn Mowers: Rede- 
signed Whirlwind 18 and 20-in. ma- 
chines have staggered wheels, a 
muffler for quiet operation, and 
an aluminum housing for improved 
cutting and leaf mulching opera- 
tions. Clippings are distributed 
evenly through a front discharge 
chute. Average cutting capacity 
is 23,000 sq ft with a 2-in. overlap 
at 3 mph. The unit is powered by 
a 2-hp engine. Standard starter is 
of the recoil type. Plug-in electric 
starter, optional on the 20-in. unit, 
operates on 110-v circuit. Toro Mfg. 
Corp., Minneapolis, Minn. 


Water Chiller: Flow-Pac unit is 
designed for residential air condi- 
tioning and small industrial appli- 
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$750 SAVED 











IN ONE SEASON 


using Torque converter on power shovel 


A prominent contractor recently re- 
ported that he saved $750 in one sea- 
son using a Twin Disc Three-Stage 
Torque Converter on one of his 
power shovels. 

This total was comprised of sav- 
ings on three different phases of the 
shovel’s application. (1) Cable—on 
two shovels with direct drive, cables 
were replaced seven times on one and 
eight times on the other. With torque 
converter drive, however, the cable 
was replaced only three times. Result- 
ant saving: $350. (2) Maintenance 


costs — a saving of 12! cents per 
hour, or a season total of $250 on the 
shovel with the Twin Disc Converter. 
(3) Fuel consumption — the torque 
converter unit used '/2 gallon less fuel 
per hour, saving $140 in the 2,000 
hour season. 

You can realize a similar saving 
from your power shovels. Specify 
Twin Disc Torque Converters for 
your new units or install them in your 
existing equipment. For full details 
see your equipment or engine distrib- 
utor. Write for bulletin 135-D. 


All facts in the above story are contained in an actual case history. We have not identified 
the operation because publishing the owner's name would reveal confidential information. 





TWIN DISC CLUTCH COMPANY, Racine, Wisconsin + HYDRAULIC DIVISION, Rockford, Illinois 


Here are five money saving advan- 
tages that torque converter drive 
provides your particular power 
shovel application. 





CABLE PULL — Torque converter automatically 
adjusts for wide variations in dipper loading, 
substituting greater digging effort for speed 
when required. 


ENGINE OUTPUT HORSEPOWER — Torque con- 
verter allows engine to produce near moxi- 
mum hp when load requires it. High engine 
power always available for hoisting and 
crowding. 


ENGINE SPEED — Torque converter provides 
high engine speed throughout its working 
range, and higher hp output is available for 
heavy digging and hoisting loads. Converter 
equipped engine can’t lug. Heavy overloads 
will not kill the engine. 


LOWER MAINTENANCE COST—Torque con- 
verter reduces peak loads throughout shovel 
drive train. Cushioning shocks increases wear 
life for most parts subject to fatigue failure. 


LONGER CABLE LIFE — In proved installations, 
even frayed cables with short life expectancy 
have been known to last a year or more where 
@ torque converter has provided smooth, sus- 
tained output power. 


Twili Disc 


mo 
X 
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_ IN THE BOEING B-47 BOMBER: 











Magnesium Assemblies Made by B&P 








Tail cone and gun turret enclosure 
are supplied by B&P to General 
Electric Co.; smooth panel doors 
made for Lockheed and Douglas 
B-47 production; and the inboard 
and outboard jet pods for Bell 
Aircraft Co. In addition, 


& PERKINS, INC. 


BROOKS 


produces magnesium cases and 
components for electronics systems 
in the B-47 and many other 
military planes. 

Write for folder describing 
B&P’s facilities for magnesium 
B&P and titanium work. 


1940 W. Fort St. 
Detroit 16, Mich. 





Offices in New York, Washington, Los Angeles and Dallas 
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AT THE R sthwnan 


Gusher Coolant Pumps 


Gusher Coolant Pumps are designed so that they re- 
quire no packing, foot or relief valves. They consume 
less power when throttled and there is no metal-to- 
metal contact in the pump, insuring long life with 
minimum attention. 


RUGGED CONSTRUCTION 


All castings have been strengthened through time-tested 
operation. The one-piece shaft is precision ground, 
which rotates on heavy-duty precision ball-bearings. 


DEPENDABLE PERFORMANCE 


The entire rotating shaft is dynamically balanced to 
eliminate vibration and wear. Pre-lubricated ball- 
bearings with surplus grease pocket require no further 
attention. Your Gusher is always primed . . . ready to 
deliver coolant in a split second. 


THE RUTHMAN | |MAcHiNeRy co. 


Cincinnati, Ohio 
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cations. It can be used with all 
types of chilled water convectors 
or with water coils in central air 
handling systems. Units are avail- 
able in 134, 3, and 5-hp models, with 
either water or air-cooled condens- 
ers. Spring-mounted compressor 
assures quiet operation. Unit de- 
sign also incorporates full insula- 
tion, copper water connections in 
the chiller unit and a sealed re- 
frigerant system. The 3-hp model, 
with heat transfer rating of 36,000 
Btu per hour, occupies a floor 
space of 24 x 10 in. and is 27 in. 
high. Acme Industries Inc., Jack- 
son, Mich. 


Metalworking 


Tube Sheet Drill: Automatic, 
high-speed unit drills holes on tube 
sheets of ferrous and nonferrous 
materials used on heat exchangers, 
condensers, evaporators and heat- 
ers. It accommodates materials 
with diameter to 6 ft and thickness 
to 10 in. Thinner sheets and baffles 
can be drilled in stacks up to 10 
in. thick. Holes are accurately 
drilled and can be on closely spaced 
centers with selected patterns. 
Load meters for the two drilling 
head motor drives indicate drill 
sharpness and hard spots in the 
material. Meters can be set to 
retract the drill under instantan- 
eous or continuous overload condi- 
tions. Travel and feed and speed 
rates of each head can be adjusted 
individually. Micrometer adjust- 
ments are provided for movements 
to nonstandard hole locations. 
Heads have four speed selections 
and variable hydraulic feeds. Drill 
spindles accommodate No. 40 mill- 
ing machine tapers and can be pro- 
vided with easily changeable tool 
holders. Maximum table travel is 
10 ft, and work area is 6 x 2 ft. 
Walter P. Hill Inc., Detroit, Mich. 


Brake Cylinder Machine: Five- 
station vertical machine automati- 
cally drills, chamfers, spot faces, 
hollow mills and taps brake cylin- 
ders. It processes four cylinders 
simultaneously at a rate of 1028 
per hour at 100 per cent efficiency. 
Thrust cylinder is mounted in front 
of the hardened and ground ways, 
in the center of the thrust load. An 
electric motor drives the upper 
drill head through a splined shaft. 
The lower drill head has eight 


MACHINE DESIGN 
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New translucent 

laminate for the 
e first time allows 
a visual check on 
the accuracy of 
circuit register. 


Formica Research perfects sensational new cold punching laminate 





with valuable translucency properties and 1,000,000 megohms IR after 
96 hours at 95° F and 90% relative humidity... 


Research, an important part of the 
exclusive new Formica 4-point service, 
has just perfected a new cold punching 
paper base laminate offering 1,000,000 
megohms insulation resistance and val- 
uable new translucent properties. 

Known as XXXP-36, the new grade 
brings greater accuracy to printed 
circuitry. Because of its cold punch- 
ing qualities, XXXP-36 requires no 
heat cycle. Therefore, the base lami- 
nate is not subject to dimensional 


Industrial 


ORMICA® 


Lominated Plastic 







change as in grades which must be 
heated before punching. This means 
that with Formica XXXP-36, you can 
now produce printed circuits with new 
and higher standards of accuracy. 

XXXP-36 translucency can be doubly 
useful. Make this simple test: hold it to 
the light. You can see (1) the smooth, 
homogenous structure, the total ab- 
sence of resin pockets, voids and im- 
perfections that dissipate the insulat- 
ing properties of ordinary paper base 


Make the Formica Trans- 
lucency Test. Send for a 
sample X X X P-36 printed i 
circuit. Fill out and mail 

coupon today. I 





laminates . . . and (2) how perfectly 
the circuit on one side registers with 
that on the other. New XXXP-36 can 
be used for applications other than 
printed circuits. Formica’s engineering 
skill can help you find new materials 
for new products and processes. For 
complete information on the new 
XXXP-36, or on the new “Formica-4” 
service, use coupon below. 

The Formica Co., 4545 Spring Grove 
Ave., Cincinnati 32, Ohio. 


[J I’d like a sample XX XP-36 printed circuit and 
complete information on this new grade. 
Send bulletin showing how I can take advantage of 
the new “‘Formica-4’’ laminated plastics service. 

















Pays in Performance — 
Company Title 
ye Address 
FORMICA ®—the most famous name in laminated 
plastics—Engineered for industry, Beauty Bonded City Zone___State 
for the home. 
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W.. SES 


3 times stronger 
than iron... 


as two and 
one-half times 
the rigidity... 


et costs 
a third as much 
per pound... 


aren't more of 
your products 
fo K=Y-ple palo Mey, 
welded steel 


Ask 
THE 
LINCOLN ELECTRIC 
COMPANY 


Cleveland 17, Ohio 


Creating lower costs 
for industry 


... with welded steel 
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spindles and produces a positive 
chamfer. It is driven by a 5-hp 
hydraulic motor. Three stations 
have pot-type heads which can be 
replaced without removing the 
platen. LaSalle Tool Inc., Detroit, 
Mich. 


Milling Machine: Vertical unit 
provides feed rates from 80 to 570 


rpm in the low-speed range, and 


584 to 3800 rpm in the high-speed 
range without belt changes. Speed 
rate is indicated by a built-in tach- 
ometer. A positive clutch in the 


‘ center of the quill hand provides 


quill feed control. Dovetailed ways 
provide a rigid clamping surface 
16 in. long. The 1%-hp, three- 
phase motor is mounted in the base 
of the machine. 
of the ground table is 36 x 9 in. 
The machine has 18 in. longitud- 
inal, 10 in. cross, and 165% in. ver- 
tical travel. The head, which can 
be swiveled 3€0 deg, rotates on a 
rigid sleeve mounting. Logan En- 
gineering Co., Chicago, Ill. 


Processing 


Coaxial Lead Former: Automatic 
unit cuts and forms coaxial leads 
of resistors, capacitors, diodes, 
coils and similar components to 
any length or shape at a rate of | 
5000 or more parts per hour. Avail- | 
able in three models of two, four | 
or six slides, depending on final 
lead shape desired, the machine is 
pneumatically operated and elec- 
trically controlled. Normally com- 
ponents are manually chute-fed to 
the machine; card, roll or hopper | 
feeds are also available. Slides op- | 
erate in pairs on the clamped leads 
to form them into desired shapes. 
Slides and ways are hardened and 
ground. Lead length and loop size 
are changed by moving slides along 
a scale having 1/64-in. graduations. 
The machine accommodates com- 
ponents up to 2% in. long and 1 
in. diam. Size of the unit is 25 x 
30 in., and its weight is 89 Ib. 
Design Tool Corp., New York, N. Y. 


Heat Treating Unit: Gas-powered 
turntable unit performs brazing, 
soldering, annealing and hardening 
operations on small parts. Work- 
pieces are held by fixtures attached 
to a power-driven turntable and 
passed between two rows of burner 
nozzles as the turntable revolves. 


Working surface | 


Eudurauce Kated 
COUNTERS 


to Fit every uced 





200 MILLION COUNT LIFE 







Silver 

King 
Stroke 
Counters 
Unequalled for Automo- 
bile and Aircraft factories; 
stamping, metal working, die 
casting and plastic molding ma- 
chines; laundry, printing and all 
kinds of equipment. 


6 MILLION COUNT LIFE 
<Q 


Junior King 


The proven an- 
swer for office 
machines, amuse- 
ment machines, and fac- 
tory equipment where 
service is moderate. 


3 MILLION COUNT LIFE 


SMX Tamperproof 


Millions used ior 
vending machines and 
other equipment where 
space is limited. 


200 MILLION COUNT LIFE 
— <J 


| Silver King 










Revolution 
Counter 
For measur- 
; ing machines, 
metering equipment, etc. Available 
with flexible shaft for convenient 
location. 


1 BILLION COUNT LIFE 
10,000 CPM 
<Q 






Clipper 
Coil 
Winding 
Counter 
Unequalled 
for high speed 
coil winding. 

See your PIC 
Representative or write. 











hes 702-08 W. Jackson Chicago 6, Ill. 7 
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TORRINGTON SPHERICAL ROLLER BEARINGS 


Land-riding cages for longer life! 


These fully machined cast-bronze, land-riding cages—one for 
each path of rollers—are important performance builders in 
TORRINGTON’S Spherical Roller Bearings. The one-piece retainers 
keep the rollers perfectly aligned at all times, even under con- 
ditions of shock load and sustained speeds. Lubrication is more 
effective, too, as the lubricant has easy access to vital points of 
contact between rollers and races. 

This feature is typical of TORRINGTON’S design, made possible 
through long experience in serving industry with the finest in 
precision bearings. That’s why it pays to look to TORRINGTON 
first when your application calls for Spherical Roller Bearings. 
They’re available from stock with either straight or tapered 
bore, for shaft or adapter mounting. 
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THE TORRINGTON COMPANY 


South Bend 21, Ind. e Torrington, Conn. 
District offices and distributors in principal cities of 
United States and Canada 


TORRINGTON 
BEARINGS 


Spherical Roller +* Tapered Roller © Cylindrical Roller 
Needle «+ Bali:+ Needle Rollers 
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4” 5” 6” ag 8” 10” de 15” 18” 


WE LEFT COMPETITIVE 


RATINGS OUT OF 
THE CHART PURPOSELY.. 


. . because we think the load-carrying capacity of Cone-Drive 
speed reducers is pretty impressive all by itself. Then, we've 
also got a lot of friends in the worm gear speed reducer busi- 
ness. And they make pretty fair reducers themselves. 


Two things are responsible for the high capacity of Cone- 
Drive speed reducers. First, we use extra-heavy gears mounted 
on oversize taper roller bearings in reinforced, heavy housings. 
Extra “beef’ alone accounts for part of our capacity. 


Even more important, however, is the Cone-Drive double- 
enveloping worm gear design. Here, we literally wrap worm 
and gear around each other to put '% of all teeth in continuous 
full-depth contact. This results in spreading tooth contact over 
a greater area, reducing pressure on individual teeth, increas- 
ing load capacity and life of the gearing. 


Ask for Bulletin 600C without obligation. 


Ss 
VU LON, Michigan Too€ Commyacoouy 


DOUBLE ENVELOPING GEAR SETS & SPEED REDUCERS 7171 E. MeMichels Reed + Detroit 12, Michigan 
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Valve adjustment on the burner 
manifold controls heat input. Heat- 
ing time is variable by an adjust- 
able speed drive on the turntable 
which provides 4, to % or \% to 
14% rpm. Burner nozzles are 
mounted with flexible copper tub- 
ing. Burner manifold is adjustable 
vertically and horizontally. The 
unit burns manufactured, mixed, 
natural, propane or butane gas. 
Size is 36 x 30 x 30 in. Gas Ap- 
pliance Service Inc., Chicago, I. 


Testing and Inspection 


Flaw Detector: Ultrasonic In- 
spectogage 55 performs nonde- 
structive testing for flaws in met- 
als, glass and nonfilled plastics. The 
device gives visual indications of 
material thickness and requires ac- 
cess to only one side of the work. 
The unit consists of an oscillator, 
cathode ray oscilloscope and trans- 
ducer which transmits ultrasonic 
vibrations into the tested material. 
A vertical marker on the face of 
the tube indicates the exact thick- 
ness of material by pointing to a 
calibrated screen. Flaws due to dis- 
continuity or lack of bonding are 
indicated by a shift or disappear- 
ance of the thickness reading. The 
unit weighs about 50 Ib, and power 
requirement is 115 v, 60 cycles. 
Search units scan four ranges from 
0.025 to 0.3-in. Calibrated screens 
for the four ranges are provided; 
other ranges are available. Alcar 
Instruments Inc., Little Ferry, 
N. J. 


Environmental Test Chambers: 
Redesigned Weather-Lab test 
chambers are available in four sizes 
with working space from 10 to 
40 cu ft and for supplying tem- 
peratures from 30 to 200 F and 
relative humidity from 20 to 95 
per cent. Tests can be conducted 
on paper, foods, packaging mate- 
rials, preservatives, mold and 
fungus growths, in addition to MIL 
and JAN government tests. Units 
are of stainless steel construction, 
have built-in refrigeration, lights, 
wet and dry bulb thermostats, elec- 
tric heaters and blowers. Insula- 
tion is vapor-sealed. A single door 
is provided on the 10 cu ft model; 
other models have double doors. 
Labline Inc., Hudson Bay Co. Div., 
Chicago, Ill. 
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REPRINTS AVAILABLE FROM JIACHINE DESIGN 
Multiple-Circuit Switches 


lever - rotary - push or pull 
by Keith A. Carlson 


Associate Editer, MACHINE DB8SION 


A design manual on the factors to be considered in the selection and ap- 
plication of multiple-circuit switches. 


Part One—discusses physical and electrical characteristics of 
lever-operated switches 


Part Two—discusses physical and electrical characteristics of 
rotary switches 


Part Three—discusses physical and electrical characteristics of 
push or pull switches 


Part Four—discusses factors to be considered when selecting 
switches from these types for a specific application 





How to select and apply 
Electrical Connectors 


by Laurence D. Shergalis 
Assistant Editor, MACHINE DESIGN 


Separable electrical connectors can often help satisfy several design ob- 
jectives—convenience, portability or mobility, flexibility. Connectors pro- 
vide these features in two kinds of circuits—power and signal. 


Part One—discusses how to select and apply Electrical Connec- 
tors for power circuits 


Part Two—discusses how to select and apply Electrical Connec- 
~~” tors for signal circuits 
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ONE-WAY NOTEWORTHY 


IMPULSE 


py 








with exclusive Pressure-Balanced Seal 
advantages for Radial grooves in one face of a rubber shaft seal 
| permit fluid pressure to act on both faces of the seal. 


A balance resulting between the radial inward and 
outward fluid pressures on the seal eliminates fric- 


rc 


automation ~*~ >. 
ai” 








Model ES4-KM2 
Y% actual size 


ELIMINATES INTERLOCKING SWITCHES AND 
COMPLICATED ACTUATING DOGS 
Ideal for pulsing solenoid valves on air-hydraulic 
controls, wencing circuits, etc., because it allows 
other controls to reverse or operate the same circuit. 
Switch sends a short electrical impulse and then 
switches itself out of the circuit. 


GIVES MORE DEPENDABLE CONTROL 


Switch replaces timers, relays, and troublesome one- 
way dogs to simplify circuits — cuts chances for fail- } 
ure. No delicate adjustments. | 











LOWERS COST OF CONTROL CIRCUITS . onan 
Impulse switch costs less than complicated control tional drag variations between the seal and the ro- 
devices it replaces. Fewer switches are required for tating shaft. Engagement of the seal against the 
sequencing. Simple mounting. haft i intained b rt fitted i 

SPEEDS UP AUTOMATIC OPERATION . - Pen —_ yoo ae = ato @ 
Automatic machines can run faster because cycles can groove in the circumference of the seal. Patent 
be more closely sequenced. There's no delay due to 2,707,118 assigned to Linear Inc. by J. H. Swartz and 
timer tolerances or extra machine motions to actuate ™ 
interlock switches. H. M. Purcell. 


Switch is not 


K——— "ripped on Pneumatic Speed Control 


return. Circuit 





stays open. 
WHEN DEPRESSED, ONE- fei] | 
WAY ACTUATOR SENDS [/,"\‘T 
oY See), a eee eee 
THEN OPENS Circuit /™~ 


Adjustable-pitch sheaves are locked in place after 
| adjustment by a pneumatically-controlled motor. Di- 
ameter of a tapered, split hub on which the spring- 








"7 — 4 loaded sheave flanges are mounted is controlled by 
(*On* Again means of a mating tapered sleeve connected to the 
a motor diaphragm. When the motor is operated to 


SPECIFICATIONS sadew 
UL rated at 10 amps/125v AC Movement Dif. 0.020” 
Operating Force 3% Ibs. 








“"On"" Period (inches of 
Model No. Overtravel actuator travel) 
ES4-KM1 3/8” 1/16” 
ES4-KM2 5/16” 1/8” 
ES4-KM3 1/4” 3/16” 
ES4-KM6 1/16” 3/8” 

















TRY ON YOUR CONTROL JOB — ORDER NOW 
Send Your Standard Purchase Order 
Specify Model Wanted—Discounts on Quontity Purchases 






















ELECTRO-SNAP SWITCH 
wy , & MFG. COMPANY | 
4214 West Lake Street, Chicago 24, Illinois | 
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announcing Accopac N-820: 









a dense fiber gasket 
for high bolt loads at 
temperatures up to 250°F. 







Accopac® N-820 is a new beater-saturated gasket material de- 
signed for applications where a combination of heat and pressure 
may cause conventional plant fiber materials to fail. For example, 
N-820 is an economical replacement for sheet asbestos packing in 
applications involving bolt loads of 2,000 psi and upward and 
where temperatures do not exceed 250° F. 










Here's why N-820 can be used successfully in these tough jobs: 


















High density: N-820 is much more dense than previously 
, available fiber sheets. It withstands test pressures up to 
100,000 psi without crushing. N-820 conforms well to flange 
surfaces and maintains torque much better than softer mate- 
rials saturated by ordinary methods. 











Non-extractable binder: N-820 has no volatile binder which 
could be lost at temperatures up to 250° F. Its sealing prop- 
erties are not affected by the leaching action of contained 
fluids or by alternately wet-and-dry applications. Shrinkage 
due to binder loss is eliminated with N-820. 

N-820 is the newest member of the Armstrong Accopac family, 
and it’s already being used in many heavy-duty applications in 
place of more expensive materials. If you’d like more information 
about Accopac N-820, write for samples and data sheet to Arm- 
strong Cork Co., Industrial Division, 7002 Dean St., Lancaster, Pa. 
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4,000 6,000 
LOAD IN PSI 





COMPRESSIBILITY. N-820, less compressible than other Accopac materials, 
is recommended for heavy-duty applications where flange pressures will be 
2000 psi or more and where temperatures do not exceed 250° F. 


(Armstrong accopac 


. used wherever performance counts 











let 
Stalwart 


show 
you 
how 


ao LICONE 
RUBBER 






can cut fabrication costs! 


Industry across-the-board is solving 
problems, and cutting costs, with Sili- 
cone Rubber Parts. From access door 
seals on research rocket planes prob- 
ing the heat barrier . . . to gaskets for 
kitchen range oven doors, they are 
providing the answer. Time and again 
Silicone Rubber Parts are replacing 
costly metal constructions forced upon 
design engineers by the limited ther- 
mal stability of organic rubbers. 


Because new compounds now retain 
desirable rubber-like properties at 
temperatures from ~—130°F. to 
+600°F., they play ever-increasing 
roles in the aviation, automotive, elec- 
trical and chemical industries. 


STALWART is equipped to produce 
precision parts from a variety of Sili- 
cone Stocks to meet individual, S.A.E., 
MIL-G or MIL-R specifications. 


Parts made from Silicone have excel- 
lent dielectric properties and resist 
compression set, weathering, ozone, 
oxidation, hot lubricating oils and 
many chemicals. They can be covered 
with (or bonded to) a number of syn- 
thetic or other materials to provide 
greater strength or wearing qualities. 
Let STALWART show you how Sili- 
con Rubber can cut your fabrication 
costs. 





6651-SR 


For complete 
information, 








Noteworthy Patents 





expand the split hub, it locks the flanges against 
axial movement to maintain the pitch diameter ad- 
justment. When the hub is allowed to contract, the 
sheave flanges are free to adjust position according 
to belt tension. A three-way pneumatic control valve 
is utilized to actuate the pneumatic motor. Patent 
2,709,373 assigned to American Pulley Co. by J. T. 
Barron. 


High-Voltage Switch 


Telescoping contacts assure high insulation effec- 
tiveness in a motor-driven high-voltage switch. A 
jumper mounted on a movable carrier is designed to 
connect a common contact with one of two other elec- 
trical contacts. When the switch drive motor is ac- 
tuated, its helical-grooved shaft, on which the jumper 
carrier is mounted, pulls the jumper out of the sta- 
tionary contacts, disconnecting the circuit. As the 
carrier reaches the end of its travel, a stop forces it 





























to swing through a predetermined arc into position 
to connect the other contact with the common con- 
tact. Upon reversal of the motor, the jumper carrier 
moves forward, engaging the jumper with the con- 
tacts and energizing a second circuit. Limit switches 
can be employed to automatically stop or reverse the 
drive motor. Patent 2,709,725 assigned to Airtron 
Inc. by C. E. Bieber and R. 8. Carr. 


Antifriction Bearing Seal 


Prefabricated seals assembled to close tolerances 
minimize mounting difficulties with antifriction bear- 
ings. Thickness variations in the complete seal units 
are minimized by an assembly method in which seal 
dimensions can be maintained uniformly. Excessive 


| 












































for Catalog lubricant pressure is relieved by a specially shaped 
passage enclosed in the rotating seal and connected 
to the lubricant chamber by a series of holes. Patent 
RUBBER COMPANY 2,708,125 assigned to Link-Belt Co. by J. M. Bryant 
180 Northfield Road Bedford, Ohio and B. O. Richards. 
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VERSATILE FASTENERS 
For All Types of 


Ht ee Production 


b 
tH 
\"4h 


VAAL AAA 45 
L 


ONIN 


EATON SPRINGTITES and SEMS 


Eaton Springtites and Sems not only offer you the produc- 
tion advantages of pre-assembled bolts and lock washers, 
but give you a choice of heads best suited to your specific 
needs. The illustrations above show some of the varied 
types: round—fillister—pan—truss—hex. These head types 
are available with slot, Phillips and clutch recesses. 


For the production man or designer, the right fastener for 
the job means faster assembly (can be hopper fed) and 
better end products. As with all Reliance 
fasteners, Eaton Springtites and Sems are 
under quality control supervision from raw 
material to finished product. Get the com- 
plete cost-saving story—write for Engineer- 


ing Bulletin S-49 today. 
EATON MANUFACTURING COMPANY 
506 CHARLES AVENUE ° MASSILLON, OHIO 


SALES OFFICES: New York * Cleveland * Detroit * Chicago * St. Lowis * San Francisco * Montreal 


, PRODUCTS: Sodium Cooled, Poppet, and Free Valves + Tappets * Hydraulic Valve Lifters * Valve Seat Inserts * Jet 
Engine Parts » Rotor Pumps « Motor Truck Axles « Permanent Mold Gray Iron Castings * Heater-Defroster Units * Snap Rings 
Springtites » Spring Washers « Cold Drawn Steel « Stampings « Leaf and Coil Springs * Dynamatic Drives, Brakes, Dynamometers 
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——— RELIANCE DIVISION 

















“MONOBALL” 


Self-Aligning 
Bearings 






ROD END 





PATENTED U.S.A. 
All World Rights Reserved 


CHARACTERISTICS 


ANALYSIS RECOMMENDED USE 
: | Stainless Steel For types operating under high 


Ball and Race temperature (800-1200 degrees F.). 
Chrome Moly A ; 
radial ultimate loads (3000- 
2 Steel Ball and Race 893,000 Ibs.). 
S Bronze Race and For types operating under normal 


For types operating under high 


Chrome Moly loads with minimum friction 
Steel Ball requirements. 


Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Rod end types in similar size 
range with externally or internally threaded 
shanks. Our Engineers welcome an opportunity 
of studying individual requirements and pre- 
scribing a type or types which will serve under 
your demanding conditions. Southwest can de- 
sign special types to fit individual specifications. 
As a result of thorough study of different operat- 
ing conditiens, various steel alloys have been 
used to meet specific needs. Write for revised 
Engineering Manual describing complete line. 
Address Dept. MD-56. 


SOUTHWEST PRODUCTS CO. 


DUARTE, CALIFORNIA 
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The Product Design Engineer 
can always find a complete 
encyclopedic source of supply 
for component parts, materials 







or equipment in— 





Thomas Publishing Company 
461 Eighth Avenue, New York 1 














LOOK HERE 
for the precise 
switch 
you need 


& 


KEB2HB-5 LK-2 








. +» and write today for your FREE copy of the new Unimax catalog 
of miniature and subminiature precision snap-acting switches. 


UNIMAX SWITCH 


460 WEST 34th ST. NEW YORK 1, N. Y. 
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WHAT IS THE PROPER AMOUNT OF TENSION TO APPLY TO A BELT? 


Notwithstanding the many factors involved, it con be summed up in a few words as THE MINIMUM TENSION NECESSARY TO 
TRANSMIT THE REQUIRED POWER WITHOUT SLIPPAGE. 


WHY THE MINIMUM? 


Because more avails nothing, and EXCESSIVE STRESSES ON BELTS AND BEARINGS MATERIALLY SHORTENS THEIR LIFE. 


The Proper Tension can be had, and maintenance reduced to a negligible quantity by mounting the motor on a Tension-Controlling 
AUTOMATIC BASE. Micromatic adjustment for the Proper A t of Tension is made while operating under lead, merely by 
turning a screw. Not @ bolt or nut is disturbed. Nothing could be simpler, and there is nothing more accurate. 
The AUTOMATIC BASE can be mounted in any position, and the motor pulley may rotate in either direction. 


WHY NOT PROVIDE THE “MISSING LINK” BETWEEN THE MOTOR AND YOUR MACHINE BY USING AN AUTOMATIC BASE? 


ga 


THE “SIMPLEX” 


Provides Functional Utility oat a 
low Price. Made in two fractional 
sizes and for Old NEMA frames 
sizes 203 through 326. 

Not recommended for use with 
motors having New NEMA frames. frame sizes 182 through 326-U. 








THE FLEXIBLE “BB” 
The motor carriage rolls on linear ball beap- 


New 

THE “SR” TYPE SQ ings. All working parts are grease-packed 
For motors equipped with Variable- and sealed. Stocked in four sizes for NEMA 
Pitch pulleys. The BASE with ‘finger- frames 364 through 505. Bases for larger 
tip’ centrol at the crank handle. motors, size unlimited, built to order. 
Made in two fractional sizes, and 
for both Old and New NEMA frame AUTOMATIC MOTOR BASE CO. 
sizes 182 through 326-U. WINDSOR, N. J. 
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Design 
Manual! “MECHANICAL 


ADJUSTABLE-SPEED DRIVES” 











COMPLETE REPRINTS NOW AVAILABLE! $1.00 PER COPY 








» write Readers Service Dept. MACHINE DESIGN 


WAYS and Means 


MODERN INTERCHANGEABLE MACHINE WAYS TO YOUR SPECIFICATION. 
Wear and Shock Resistant @ Precision Ground @ Replaceable 



















Hardened and ground tool steel 











© Tool Steel inseparably welded to tough, ma- 
for HARDNESS chineable backings. The basic 

® Forge Welded forge welding process was devel- 
for STRENGTH oped by Coes for the production 
of all types of machine knives, 





@ Machineable Steel 
for TOUGHNESS 





including : 
METAL CUTTING SHEAR BLADES. 


Ask for literature, or send sketches of your requirements to: 


COES KNIFE COMPANY, Worcester, Massachusetts - Est. 1830 
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Zrush Holders 








Because 


Winpower knows dependability is 
— only when every component is 
ighest quality ... consistently uniform. 


Send for Catalog 56 L—shows how 
to order molded or assembled types. 





PHOENIX ELECTRIC MANUFACTURING co. 


4211 West Lake Street Chicago 24, Illinois 
—ITEM 283— 


“MECHANICAL 
oem SPRINGS" 











solve your : 
. . A. M. Wahl 

spring design ; Y ” 
THOROUGH DISCUSSION OF FUNDA. 

problems MENTAL PRINCIPLES . . . PRACTICAA 
FORMULAS FOR DESIGN . . . AUTHORI- 
TATIVE INFORMATION ON SPRING AP- 
PLICATIONS . . . IN 435 PAGES FULLY 
ILLUSTRATED WITH DETAILED DRAW- 


INGS 


Thousands of design engineers have discovered 
“MECHANICAL SPRINGS” by A. M. Wahl... 
it has become a practical aid to spring design in 
hundreds of design libraries. 

It contains the kind of information that enables 
preliminary calculations to be made on the design 
of all types of springs: helical, disk, Belleville, flat. 
leaf, torsion, spiral and volute. 

And no matter what your problem . . . working r 
stress ... fatigue ... buckling .. . or just plain 
maximum efficiency, you will find that “MECHAN- 
ICAL SPRINGS” can reduce the “guesswork” as 
well as save you time and materials. 

Use the form below and get yours today! 














compounds write, Pp SSSSSSSSSSSSSSSESSSSCESSSSSTETETESCET ECTS E EEE E Eee eee eee eee et 
ene . Send i f “MECHANICAL 
yire ‘ nd me____copies o 

req \ete getails mae porwel SPRINGS” at $6.00 per copy. 

comP Penton Publishing Co. (-] Remittance enclosed in which case 
Penton Building book will be sent postpaid 
Cleveland 13, Ohio (] Please bill me Cic. oO. DB. 
NAME TITLE 

PERFECTLY ENGINEERED PACKINGS" 

COMPANY 








TIN Mme 


LINEAR, Inc., STATE ROAD & LEVICK ST.. PHILADELPHIA 35. PA (Add 3% to orders for delivery in Ohio to cover State Sales Tax.) 
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+« Simple, Easy Speed Selection x For Air, Oil or Water Applications | 
Pneu-Trol Speed Control Valves, are widely 
used in hundreds of control applications be- 
cause they combine in a short, compact body, 
a tapered fine thread needle for extremely 
accurate air or oil flow control and a floating 
retro ball check, which permits full flow in 





the oppesite direction. Retro ball floats in 
most sensitive position to its seat, requiring 
only a slight differential pressure to fully | 
open or close it. | 

Needle design permits maximum flow ca- 


trouble-free service. Simple, practical ““O” 
gland structure eliminates troublesome leak- 
ing. Valve bodies machined from hex brass 
or aluminum for 2000 psi working pressures; 
steel and stainless steel for 5000 psi. Made in 
5 female pipe sizes—%” to %”. ATTRACTIVE 
PRICES . . . IMMEDIATE DELIVERY. 
Write for illustrated circular and prices. 


Pneu-Trol DEVICES, INC 
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SPECIFY 


Yo] >) 4 





pacity in the controlled direction. Metal to 
metal needle and ball seats insure long 











PRESSURE 






Send for your FREE S 


1956 Template cata- 
log today 


ERICO PRODUCTS, INC. 
2070 E. 61st PLACE 
CLEVELAND 3, OHIO 


IN CANADA. ERICO INCORPORATED, 3571 Oundas St., West. Toronto 8, Ontario 


FASTER 
ACTION 
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Sizes from 1% inch to No. 0 wire size. 


Bristol Hex Socket Cap Screws 
mark your product “precision made”’ 


The high quality and pleasing appearance of 
Bristol’s Hex Socket Cap Screws will reflect the pre- 
cision you've built into your product. 

Perfectly squared-up heads and shoulders of these 
screws give them a smooth, accurate, and well- 
designed look. Their diamond-knurled heads make 
them easier to insert, to start and to spin up finger- 
tight. And, of course, they can be internally wrenched 
up permanently tight. 

We've made precision instruments at Bristol for 66 
years and socket screws for more than 42. In fact, we 
originated the famous Bristol Multiple-Spline Socket 
Screw. That’s why we know Bristol Hex Socket Cap 
Screws can meet your design or assembly needs exactly. 

Standard Bristol’s Hex Socket Cap Screws conform 
to Class 3A fit. They're standard in stainless steel and 
heat-treated special alloy steel. 


Write today for descriptive literature and samples. 
A5.7 


LARGE AND SMALL—WE MAKE THEM ALL 


on 


Bristol's Multiple- 
4p Spline Socket 


Bristol's Hex Socket Screws 


rig 


Screws 









THE BRISTOL COMPANY, Socket Screw Division, Waterbury 
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Web 


CABLE CL 


all glow > 


for high heat or 
other severe 
conditions 


sf tlh alate. 


for maximum economy 
in average conditions 


i 









Light weight, strong, chemically resistant. 
No short circuits, no grounds, no 

corrosion, no rust. Only one fastener needed 
Sizes to 1 inches. Write for free 

samples and price sheet. 


WECKESSER COMPANY 


$254 AVONDALE AVE., CHICAGO 30, ILL. 
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ell 


: 0 pages of FIELD REPORTS on _ 


IMOLYKOTE° LUBRICANTS 


prepared 

i - \ especially 
aa" ’ 

——— \(th for you! 


One hundred and thirty act- 
ual case histories right from 
our customer files . . . cov- 
ers practically every ‘tough’ 
lubrication job in the shop 
. don't hesitate 

write today. 





ae Se ie 

PHA MOL 
; 64 Horvord Avenues-Stomford, Conn. 
"71 Arnulifstresse, Munich 19, Germany 


Te cet 


YKOTE @orgoration 

















: send me 10 pages of FIELD REPORTS 
oe Title 
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ENGINEERS 


AVAILABLE OR WANTED | 





WANTED: Engineering Executive. The Hohl Machine and 
Conveyor Company, Incorporated. a rapidly expanding Ma- 
terials Handling Equipment Manufacturer, located in a 
newly modernized 36,000 square foot manufacturing plant in 





Buffalo. d graduate engineer, age 35 te 40, as Assistant 
to the President. Must have machine design background and 
practical shop knowledge to take sole responsibility for all 
phases of engineering and manufacturing of special ma- 
chinery and materials handling equipment. Ultimate goal 
with this position would be General Manager, in charge 
of Manufacturing and Engineering. Write direct with full 
particulars, including salary range and experience, to Hohl 
Machine and Conveyor Company, Inc., 1580 Niagara Street, 
Buffalo 13. New York. 


WANTED: Engineers—New Product Development. Ingenuity 
and initiative applied to New Product Development with a 
growing far-sighted company means progress for the ex- 
perienced Electrical or Mechanical Engineers who are selec- 
ted for these choice positions. Experience required in: Mech- 
anical Design. Heat Transfer. Servo Mechanisms, Stress 
Analysis. Electro-Mechanical Devices. These positions offer 
an opportunity to grow in the fields of Atomic Power and 
Automation. Reliance Electric and Engineering Company. 
1088 Ivanhoe Road. Cleveland 10, Ohio. Glenville 1-3538. 
Extension 570. 


WANTED: Machine, Tool. and Product Designers. A na- 
tional manufacturer located in the beautiful Shenandoah 
Valley. where living is at the best, needs several designers 
with M. E. degree. or equivalent, for small parts, high speed 
production. Steady work, high pay, and all benefits. Send 
resume to Box 890. MACHINE DESIGN. Penton Bldg.. Cleve- 
land 13, Ohio. 


WANTED: Chief Refrigeration Engineer, with extensive sheet 
metal and refrigeration experience to have charge of design 
engineering department medium size rated (A.A.-1) expand- 
ing company. Work location New York City with moderate 
traveling. Please send resume and include recent earnings 
to Box 959 Realservice Advertising, 110 West 34th Street. 
New York City. 
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MAYLINE 
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——_ MAYLINE 


MAYLINE 
Metal Plan Files 
Intermember and 

Interlock! 


All Mayline metal plan files intermember and _ interlock. 
Reinforced corners permit units to be stacked safely. 


LARGE or SMALL 








Drawers operate on ball bearing rollers and are equipped 
with attractive grey vinyl coated dust covers. 








For information about stacking with files you now have, 























3 check dimensions shown in folder S-20, or write factory. z 
i : 
MAVUN 
<a SLIP RING UNITS 
Symbo! of Superiority ey a 
supplied 
MAYLINE CO. ty a 
from a 
601 NO. COMMERCE ST. ; E 
SHEBOYGAN, WISCONSIN stock 
Custom Engineered 
—wam 200 BRUSH HOLDERS? 





Save time and money — 


BROWNING . 
ROLLER CHAIN | 








i 


NYLON or Phenolic 


NEED BRUSH CAPS? 
with Inserts 





mite, », 


’ 


DRIVES 





or Molded 
Threads 


Write for Triple “‘M” Catalog 





+ + + using Browning’s famous 
interchangeable bushing system 












For quality and economy, specify Browning's smooth running 
roller chain and precision sprockets with simplified split taper 
compression bushing. Browning's unbreakable bushing 
mounts quickly, easily—saves shop time, lowers costs. Also 
used in Browning couplings, paper pulleys, sheaves; 
standardizes plant on one-type bushing. 











Send for FREE NEW CATALOG 


52 pages of engineering data on Browning Roller 
Chain Drives. Ask for catalog CD-102. 


. e GURNEE 
98 
ILLINOIS 
AND MANUFACTURING COMPANY 


Chicago Phone: Dickens 2-O777 mi 












Long Distance: ONtario 2-1320 


MANUFACTURING COMPANY | | bumped: 


MAY | KENT Y | on oe: oe Oe Oren celel  Tcieiet+)..1-1-1-4-1-t1e] MI hl tenalel 
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Motor cars of tomorrow will be swift and silent 
beyond belief, powered by the mightiest forces man can 
employ. Perhaps this power is nuclear, perhaps from a chemi- 
cal fuel. From either will come the “release explosion”—a 
swirling “ball of fire”—pure energy to be contained, controlled, 
delivered to the wheels. 


Oil seals will shoulder much of the responsibility. Besides sealing 
dirt out and lubricant in, seals will serve as air, fuel and even 
pressure seals. They must withstand shaft speeds to 60,000 rpm at Sealing Achievement! New NMB Sealed Journal Box Kit* 


converts standard journal assemblies in freight cars to sealed 


: sane 

pressures of 60 ps! and temperatures to 5008 bath lubrication. This recent development virtually solves the 
100-year-old railroad “hot box” problem. It can eventually 
save railroads over $200 million annually. Pat. & Pats. Pend 


National Motor Bearing’s advance engineering program for the 
future brings about many “years ahead” developments in 


National products of today. 


NATIONAL MOTOR BEARING CO., INC. 


General Offices: Redwood City, California. Seles Offices: Chicago, 
Cleveland, Dallas, Detroit, Downey (Los Angeles County), indianapolis, 
Milwaukee, Newark, Van Wert, Wichita. Plants: Redwood City, Downey 
and Long Beach, California; Von Wert, Ohio. 


—ITEM 292— 
210 For More Information Circle Item Number on Yellow Card—page MACHINE DESIGN 











wtitad 


ADVERTISING INDEX 





Ajax Flexible Coupling Co., Inc. 179 
Allen-Bradley Co. 37, 38 
Allis-Chaimers Manufacturing Co. 83 
Allis, Louis, Co., The 33 
Alloy Metal Wire Division, H. K. Porter 

Co., Inc. 160 
Alpha Molykote Corp., The 208 
American Brass Co., The 214 
American Steel & Wire Division, United 

States Steel Corp. 23, 60, 61 
American Stock Gear Division, Perfection 

Gear Co. 22 
Ampco Metal, Inc. 50 
Armstrong Cork Co. .. 71, 201 
Arwood Precision Casting Corp. 148 


Associated Spring Corp. 51 


Automatic Electric Manufacturing Co. 174 
Automatic Motor Base Co. 205 
Barnes-Gibson-Raymond, Division of As- 

sociated Spring Corp. $1 
Barnes, Wallace, Co., Division of 

Associated Spring Corp. 51 
Barnes, Wallace, Co., The, Ltd., 

Division of Associated Spring Corp. 51 
Bethlehem Steel Co. 163 
B-G-R Cook Plant, Division of Associated 

Spring Corp. 51 
Bodine Electric Co. 1 
Bristol Co., The 207 
Brooks & Perkins, Inc. 194 
Browning Manufacturing Co. 209 


Carboloy Department of General Electric 
Co. 34 
Carpenter Steel Co., The, Alley Tube 


Division 189 
Century Electric Co. 44, 45 
Chace, W. M., Co. 24 
Chicago Metal Hose Division, Flexonics 

Corp. 178 
Chicago Rawhide Manufacturing Co. 2 
Coes Knife Co. 205 
Columbia-Geneva Steel Division, United 

States Steel Corp. 23, 60, 61, 173 
Cone-Drive Gears Division, Michigan 

Tool Co. 198 
Cooper Alloy Corp. 14 
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LOOK AT THIS UP-TO-THE-MINUTE EXHIBIT OF 


POPE precision SPINDLES 





EXHIBIT A 


POPE SUPER-PRECISION, HEAVY DUTY 
BORING SPINDLES for boring holes round 
within millionths of an inch. Available in 
both belt driven and motorized units to meet 
a wide range of speeds and horsepower. Send 
vs your specifications for quotations. 











EXHIBIT B 


POPE : xp, roTAtty ENCLOSED 3600 RPM MO- 
TORIZEO, CARTRIDGE TYPE PRECISION SPINDLES 
with double row cylindrical roller bearings and 
separate thrust bearings for no endwise movement 
of the shoft. 





EXHIBIT C 


POPE weavy our 
% to 100 HP DIRECT 
MOTORIZED SPINDLES 
for Horizontal or Ver- 
tical Skin Milling, Grind- 
ing, Milling, Boring and Other Operations. 





EXHIBIT D 





POPE weavy oury vee-setr priven, 
PRECISION MILLING SPINDLES, and Wheel 
Heads, % to 50 HP. 


Advertising Index 


Ohio Division of Associated Spring 








EXHIBIT E 


— 


POPE internat GRINDING sPINDLES 


EXHIBIT F 


POPE surer-pre- 
CISION HIGH FRE- 
QUENCY HEAVY 








for Bryant, Excello, Heald and Landis DUTY GRINDING 
Grinders. AND MILLING SPIN- 
DLES for speeds up to 100,000 RPM. 
EXHIBIT G EXHIBIT H 
i Gene. 
WRENCH > 





new POPE auick, seur-removinc 
WHEEL HOLDER for surface oun and 
tool and cutter grinders—eli tes the 











POPE super-precision MOTORIZED 
TOOL AND CUTTER GRINDER SPINDLES 
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DRIV-LOK STUDS 


Save 60% Fastening Time! 


a 





Driv-Lok Studs 
save time and re- 
duce costs in fas- 








k, simp! : 

Quick, simple | tening name plates, 
Drill Hole and | Covers, brackets, panels, 
orale ble’ | etc, to heavier sections 
TYPIC ‘AL and for countless other 
APPLICATIONS applications involving 
Attaching light-to-hezvy nember 
plates <4) aa fastening. Once in- 
or in A Fastening spring | stalled, Driv-Lok Studs 

struction assemblies or ; : : 
panels control arms. | Will not vibrate loose 





; Securing | OF fall out —yet they 
pee ay semi- | can be easily removed 
: / permanent ° 

—_ covers and | Withoutdamagetocom- 
closure plates. | Honents. Made in 3 head 

3 HEAD STYLES styles. Write for illus- 

trated catalog sheet, 
prices and samples. 











tat 


Countersunk 
(to order) 


(to order) 


DRIV-LOK PIN COMPANY 


715 Chauncey St. « Sycamore, Ill. 











Round 
(standard) 
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More PRACTICAL 


because it’s Portable 


Porta-Trace: % 
the EXIHA [HIN tiGHT BOX ) 


e durable Plexiglas* top 








e lifetime stainless frame 


e cool fluorescent lighting — 


alt DISTRIBUTOR 
ulky tracing 

ta-Trace is ready to INQUIRIES 
ge 1%” thick, it is con- INVITED 


re ient easy “to work on, and can be stored 




















ok when not in use. Perfect for 
x ing job in drafting, layout, art, 
h And, Porta on ace gives suffi 
t t permit ing on Bristol 
del #1118-1 Ni x 8%”, $27.50 
n sizes up to 24y x 364"; 
us units can be built for special 
requirements. For complete information and 
price list, write today! 
*Registered trademark of 
Rohm & Haas Co 


A. F. Gagne, Jr., Associates 
11 Chestnut St., Binghamton, N. Y. 
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PANCAKE POWER 
wy Peerless: 


@ A machine tool manufacturer 
asked us to build him a motor with 1 
HP; 1,750 RPM; single phase to fit a 
7-11/16” space in the base of his 
lathes. This is the motor. It is totally 
enclosed to seal out the dust and chips 
encountered under shop conditions. 
The motor answers the requirements 
in every respect and gives him top 
product performance. 

Peerless Electric develops hundreds 
of motors for OEM use. Let us tackle 
your motor problem. Peerless team- 
work engineering—our engineers 
working with your engineers — will 
produce the one motor that powers 
your products best. 





ELECTRIC MOTOR DIVISION 


tHE SRerless. Electric COMPANY 


FANS - BLOWERS . ELECTRIC MOTORS . ELECTRONIC EQUIPMENT 


1520 W. MARKET ST. + WARREN, OHIO 
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Wrought Everdur* Cuts Cost in 











THE TRAILMOBILE SHIFTABLE TANDEM—Truckers often lose time and 
money in shifting trailer cargo, changing tractors, or cutting pay- 
load to meet legal axle-weight requirements. Now, however, they 
can balance any load in just five minutes by moving the Shiftable 
Tandem Axle Assembly made by Trailmobile Inc., Cincinnati, 
Ohio. The axle assembly slides forward or backward, as needed, 
along a stainless steel rail on four shoes of wrought Everdur. It 
can move 66 inches and be locked at 3-inch intervals by locking 
rods through holes in the rail. 


oo 





EVERDUR CAN TAKE THE LOADS AND SPLASH—One of the shoes of 
wrought Everdur installed in the Shiftable Tandem frame. An 
Alemite fitting in center hole and oil grooves provide lubrication. 
The Everdur shoes carry normal tandem loads of 32,000 pounds 
day and night, and slide freely under this pressure. Resistance 
to corrosion is another reason why Everdur was selected, for un- 
like the trailer’s cargo, the Everdur shoes are exposed to road 
splash of varied mixtures. 

Wherever metal must resist corrosion, be strong and tough, 
and be available in forms easily fabricated, consider Everdur, 
Anaconda’s family of copper-silicon alloys. The American Brass 
Company, Waterbury 20, Conn. In Canada: Anaconda American 
Brass Ltd., New Toronto, Ont. *Reg. U.S. Pat. Off 5661 


EVERDUR 


HOW WROUGHT EVERDUR CUT MATERIAL COSTS—Trailmobile first 
tried high-tin bronze castings for the shoes on which the assembly 
slides. But rejects for porosity and warpage in the thin cast section 
were a costly problem—and all surfaces had to be finish-machined. 
The wrought Everdur bar stock suggested by Anaconda’s techni- 
cal experts has surfaces satisfactory as delivered—ready for drill- 
ing holes (shown above). . 


HOW WROUGHT EVERDUR CUT LABOR COsTs—The castings formerly 
used were not uniform. Hard spots made surface machining diff- 
cult and expensive. The entire operation was unnecessary with 
wrought Everdur bar stock — reducing labor cost by about 50 
per cent. (Above) Countersinking holes for screw fastenings. 


Though tough and 
dense, wrought Everdur is uniform and poses no special problems 
in machining. Oil grooves are shown being milled in the shoes. 


ANACOND A’ COPPER-SILICON ALLOYS 
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parallel and right angle 
Gearmotors, Master has 
the flexibility and choice 
of design you need for 
selected output speeds. 


. With electric motor and gears 
combined into a compact, 
integral power unit, you 
reduce costs and increase 
efficiency through elimination 
of belts, couplings, chains, 
sprockets, external bearings 
or separate reducers. 


. Available in sizes from 1% to 
125 H.P. You can integrate 
with the gearmotor electric 
brakes—3 types of variable 


speed units and fluid drive 
in any combination. 


. And that’s why more 
gearmotors carry the Master 
name than all other makes 
combined. Write on your 
business letterhead for details. 









for GEARMOTORS 


Because... 


SE) am @ ele) (ar 








Trepans and bores 32-foot 
gun barrels —TIMKEN’ bearings 
keep huge spindle accurate 


HIS Baldwin-Lima-Hamilton 

NILES A36B boring lathe has 
a finished weight of 235,680 Ibs. 
and an overall length of 90 feet. It 
took one year to build and was spe- 
cifically made to trepan and bore 
gun barrels as long as 32 feet. To 
give its huge spindle high accuracy 
and stability—despite heavy radial and 
thrust loads and speeds up to 1000 
R.P.M.—the spindle was mounted 


on Timken® tapered roller bearings. 


Timken bearings are tapered in 


How BALDWIN-LIMA-HAMILTON COR- 


construction to take the heavy radial 
and thrust loads this huge spindle 
gets. Full line contact between roll- 
ers and races provides maximum 
capacity. They maintain spindle 
precision and accurate gear mesh. 

Timken bearings reduce wear 
because they practically eliminate 
friction. That’s because they’re de- 
signed by geometrical law to have 
true rolling motion and made with 
extreme accuracy so they live up to 
their design. And they’re made of 


steel we make ourselves: we're the 
only American bearing maker wh@ 
takes this extra quality precaution, 


Specify Timken bearings for the 
machinery you build or buy. Always 
look for the trade-mark ““Timken®™ 
on every bearing. The Timkeg 
Roller Bearing Company, Canton6, 
Ohio. Canadian plant: St. Thomas, 
Ont. Cable address: ““TIMROSCO”, 


This symbol on a product me 
sts bearings are the best, 





PORATION mounts the spindle of its 
high-speed NILES boring lathe model 
A36B on Timken tapered roller 
bearings to insure less friction, 
longer life, minimum maintenance. 








TAPERED ROLLER BEARINGS 


NOT JUST A BALL —- NOT JUST A ROLLER 


THE TIMKEN TAPERED ROLLER 


BEARING TAKES RADIAL 
—ITEM 153— 


AND THRUST 





DESIGN LEADERSHIP 


The first Timken tapered roller 
bearing was produced in 1898. 
Since then the one-piece multiple 
perforated cage, wide area contact [ 
between roller ends and ribs, and fj 
every other important tapered ff 
roller bearing improvement have J 
been introduced by The Timkea 
Roller Bearing Company. 

The Timken Company leads in: lL. 7 
advanced design: 2. precision manu- 
facture; 3. rigid quality control; 
4. special analysis steels. 





iF, 
LOADS OR ANY COMBINATION is 
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